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ABSTRACT
A biological study of Unaspis euonymi (Comstock), 
(Homoptera:Diaspidldae) defined the scale's seasonal cycle in 
Louisiana. Three complete and a partial A 1'*1 generation developed 
under existing environmental conditions. Developmental time required 
for each stage was determined and time required for development of 3 
field generations and 5 laboratory generations ranged from 41-74 days. 
Fertilized females of the 3r(* generation were the only successful 
overwintering stage. Female fecundity decreased with each subsequent 
generation. First generation females produced an average of 80 eggs, 
while 2nt* and 3rt* generation females produced an average of 45 and 
25 eggs, respectively. Periods when the majority of scales were in a 
specific developmental stage were defined, with time of peak crawler 
emergence recorded in March-early April, June, and September.
Descriptions and illustrations of the 3 female and 5 male stages 
were made and a key prepared in a taxonomic review of the species.
Two parasites, Encarsia citrina (Craw.) and Aphytis sp., were 
reared from U _̂ euonymi but were not effective in controlling scale 
Infestations.
An assessment of damage to Euonymus spp. by U. euonymi revealed 
that age of host, cultivar/variety of host, location of host in 
landscape, and area of Baton Rouge, Louisiana, surveyed significantly 
affected (P<0.05) levels of scale infestation.
Foliar treatments of acephate, diazinon, oxydemeton-methyl, 
carbaryl, petroleum oil, permethrin, fenvalerate, Bay FCR 1272, and
ix
fluvalinate were evaluated for possible use In control of IJ. euonymi 
In the field. Treatments with granular aldicarb, carbofuran, and 
phorate exhibited variable degrees of control of euonymus scale on 
containerized plants. Two applications, of phorate at 0.30 gm Al/pot, 
1 or 2 applications of carbofuran at 0.36 gm Al/pot, or 2 applications 
of aldicarb at 0.15 gm Al/pot during peak crawler emergence were the 
most effective granular treatments in controlling the scale. Two 
applications of 0.135% AI permethrin or 0.168% AI carbaryl during peak 




Euonymus spp. are popular ornamental plants that are frequently 
used in landscapes. Their popularity can be attributed to the many 
species and varieties that offer wide choices of color and form. The 
plants may be used as ground covers, climbing plants, upright specimen 
plants, or grown in groups to form hedges. Color choices vary from 
solid green to yellow-green, white-green, and silver-green 
combinations in variegated varieties. Although there are a number of 
Insects (Table 1) that attack euonymus, most of these pests can be 
effectively controlled and the plants continue to be popular 
landscape items.
The most severe Insect pest problem of euonymus plants is 
euonymus scale (Homoptera: Diaspididae). Euonymus scale, Unaspis 
euonymi (Comstock), has been recorded as the major pest of Euonymus 
spp. by many authors (Fernald, 1903; Gahan, 1907; Sanders, 1909; 
Metcalf, 1911; Pope, 1914; Chapman et al., 1931; Pyenson, 1941; Kerr, 
1952; Cantelo, 1953; Cory and Highland, 1957; Neiswander, 1958; 
Dabbour, 1967; Schread, 1970; Dekle, 1976; Johnson and Lyon, 1976; 
Vinis, 1977; Stimmel, 1979; Crocker, 1979; Gill et al., 1982).
Sanders (1909) presented a historical view of problems caused by 
euonymus scale in the following statement:
"The most serious enemy of the various species and varieties 
of euonymus in the eastern United States is commonly known 
as the euonymus scale. The Injuries occasioned by the 
attacks of the pest almost preclude the growing of the 
beautiful plants for hedges and borders, while the due 
experiences of some garderners have caused them to abandon 
entirely the use of these plants for decoration."
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In more recent articles, authors continued to find the Insect a major 
problem. Dabbour (1967) stated that euonymus scale is one of the most 
serious ornamental pests throughout much of the United States, and 
that adequate control measures must be developed if euonymus shrubs 
are to to be used as ornamentals. Johnson and Lyon (1976) recognized 
the scale as a major pest of ornamentals in all temperate regions of 
the world, except Australia. In Louisiana, nurserymen produce very 
few euonymus for wholesale because of the serious scale problems and 
most plants used in the area are imported from other states.
Unaspis euonymi damages its host in several ways. Infestation by 
the scale reduces the aesthetic quality of plants and renders those in 
nursery situations nonmarketable. Secondly, the scales physically 
damage their host plants when feeding on their tissues. Once these 
prolific scales establish an infestation, large populations soon 
develop which result in eventual plant death if effective control 
measures are not applied.
Several researchers have examined the effects of heavy 
populations of U. euonymi feeding on euonymus plants. Gahan (1907) 
reported death of scale-infested plants in a single season. Williams 
et al. (1977), Stimmel (1979), and Crocker (1979) reported symptoms of 
heavy scale Infestation to be mottled, yellowish-whitish spots on 
leaves, followed by leaf drop, twig and branch loss, and eventually 
death of the plant. Vinis (1977) found the foliage weight of heavily 
Infested euonymus plants to be 68% less than the foliage weight of 
uninfested plants.
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Due to consumer demand for pest-free ornamentals, nurserymen 
cannot market plants that show obvious symptoms or signs of 
infestation. Marketability of the crop Is greatly decreased when the 
pest or symptoms of Infestation are readily apparent when viewing the 
host plant. High populations of euonymus scale, unlike many other 
species of scale insects, result in such visible signs of infestation 
that an untrained eye can readily detect a problem. A consumer may 
not know that he rejected a euonymus plant because it was infested 
with scale insects, but he did detect and reject the plant due to the 
white cottony material of the male euonymus scale covering the 
foliage. The males of U. euonymi occur in such large numbers that they 
cause plants to appear whitewashed. Stimmel (1979) viewed euonymus 
scale as one of the few scales in which the male caused appreciable 
damage. He stated that even though male scales feed only during a 
small portion of their life cycle, euonymus scale produced so many 
males that their numbers produced visible damage.
Injury caused by euonymus scale is readily observed but often 
difficult to assess monetarily. Cantelo (1953) discussed the 
difficulties in assessing the economic damage caused by the scales.
He stated, "It is difficult to determine the economic importance of 
these attractive and popular ornamental plants. Their loss cannot be 
measured in dollars and cents, but if they are to be taken care of, a 
certain amount of money must be spent to maintain their aesthetic 
value or to replace them." It is difficult to set an economic 
threshold for this pest, as this threshold varies with each situation.
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Nurserymen with thousands of euonymus plants or groundkeepers at 
botanical gardens would set economic thresholds much lower than the 
homeowner with a few euonymus plants In his yard.
Previous attempts to control euonymus scale vary widely and have 
met with limited success. Chemical control practices have been widely 
explored (Sanders, 1909; Metcalf, 1911; Mokrzecki, 1913; Trimble,
1925; Sanders, 1928; Chapman et al., 1931; Felt, 1933; Bonglni, 1935; 
Paillot, 1940; Pyenson, 1941; Warner, 1949; Kerr, 1952; Cantelo, 1953; 
Schread, 1954; 1960; 1970; Cory and Highland, 1957; Neiswander, 1958; 
Dabbour, 1967; Dennis, 1969; Pirone, 1970; Williams et al., 1977; 
Crocker, 1979; Stimmel, 1979; Schuder, 1981; Tippins, 1981; Owens and 
Baker, 1982).
The location of the host plant within the landscape has been 
explored as a possible aid in controlling the rapid build-up of 
infestations (Johnson and Lyon, 1976; Williams et al., 1977).
Predators and parasites of U. euonymi have been identified but have 
not been used successfully as a control measure (Essig, 1929;
Poutiers, 1928; Balachowsky, 1930; 1954; Compere, 1936; De Santis, 
1941; Cantelo, 1953; Kosztarab, 1959; 1963; Chumakova, 1965; Dabbour, 
1967; Dennis, 1969; Rosen and Debach, 1979; Gill et al., 1982).
Various species and varieties of euonymus have been screened for 
resistance to the scale. Researchers have found that some varieties 
showed significant differences in Infestation levels (Warner, 1949; 
Williams et al., 1977). Although much research has been conducted on
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control of U. euonymi, the Insect continues to cause economic Injury 
and plant loss.
In order to control U. euonymi it is necessary to know its 
biology and taxonomy. Control techniques are usually designed to 
eliminate the Immature stages of the scale, thus knowledge of its life 
cycle is important. To properly identify the various stages of the 
scale an understanding of the taxonomy of each instar is necessary. 
Although the biology of £. euonymi has been defined in several areas 
of the United States (Sanders, 1909; Houser, 1918; Felt and Bromley, 
1931; Felt, 1933; Underhill, 1943; Weigel and Baumhofer, 1948; Warner, 
1949; Weiss, 1953; Cantelo, 1953; NelBwander, 1958; 1966; Kosztarab, 
1963; Dabbour, 1967; Schread, 1970; Johnson and Lyon, 1976; Williams 
et al, 1977), the life cycle has not been determined in southern 
Louisiana. A  taxonomic description of each instar of U. euonymi was 
needed so that life stages could be separated while making detailed 
biological determinations and to enhance knowledge on taxonomy of the 
species.
Objectives of this investigation were to :
(1) conduct a survey in Baton Rouge, Louisiana, to determine 
prevalence and assess damage to Euonymus spp. by IJ. 
euonymi;
(2) study the biology of IJ. euonymi in southern Louisiana, as 
related to number of annual generations, the number of
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instars for each sex, the developmental time for each 
instar, the mean number of eggs produced per female, and 
peak crawler emergence periods;
(3) collect and identify parasites of U. euonymi found in 
Louisiana and evaluate their effectiveness as aids in 
controlling scale infestations;
(4) describe and illustrate each instar of U. euonymi;
(5) evaluate a spectrum of granular systemic insecticides on 
containerized euonymus plants for control of euonymus 
scale;
(6) evaluate a spectrum of foliar spray insecticides on euonymus 
plants in established landscapes for control of' euonymus 
scale; and,
(7) based on the information gathered in objectives 1-6, define 
effective control measures for use against IJ. euonymi in 
Louisiana.
Table 1. Insect pests known to attack Euonymus spp. and insecticides recommended for their 
control.




Creen peach aphid 
Ivy aphid
California red scale 
Cottony maple scale 
Dictyospermum scale 
Florida red scale 
Florida wax scale 





Brown soft scale 
Chaff scale 
Comstock mealybug
Aphis fabae Scopoli 
Myzus persicae (Sulzer)
Aphis hederae (Kaltenbach)
Aonidiella aurantii (Maskell) 
Pulvinaria innumerabilis (Rathvon) 
Chrysomphalus dictyospermi (Morgan) 
Chrysomphalus aonidum (L.) 
Ceroplastes floridensis Comstock 
Ceroplastes rubens Maskell 










Greenhouse thrips Heliothrips haemorrhoidalis (Bouch£) Malathion
—  References: Pirone (1970) and Warner (1949).
SECTION I: POPULATION DYNAMICS OF UNASPIS EUONYMI (COMSTOCK)
LITERATURE REVIEW
Distribution and Host Range 
Literature relating to Unaspis euonymi reveals many and varied 
details of the insect's biology. A cosmopolitan distribution, a wide 
range of host plants, and several biological agents are reported to be 
associated with the scale. Several interpretations of the scales' 
life cycle, the number of instars for the male and female, the 
overwintering stage(s), and the number of eggs laid per female also 
exist. However, these reports vary from researcher to researcher and 
often present conflicting details on the insect's life cycle.
The distribution of euonymus scale is virtually worldwide. The 
insect is reported to have originated in Japan (Kuwana, 1902; Ferris, 
1937) and is now present in all parts of the world, excluding 
Australia (Johnson and Lyon, 1976). It has been recorded in Cuba 
(Houser, 1918), Spain (Benlloch, 1926), the USSR (Borchsenius, 1950; 
1966; Nikolskii, 1936), Asia, North Africa, Japan, Korea, (Dennis, 
1969), Argentina (De Santis, 1941), Yalta (Mokrzecki, 1913), France 
(Signoret, 1886), Austria (Ripper, 1916), Italy, Switzerland, 
Yugoslaviaa (Balachowsky, 1954), and Hungary (Kosztarab, 1959).
Within the United States, euonymus scale has been reported in most 
states (Comstock, 1881-VA; Fernald, 1903-NJ,CA,OH; Metcalf, 1911-NC; 
Herrick, 1911-MS, TX; Gahan, 1907-MD; Houser, 1918; MA, NY, NJ, PA,
NC, SC, GA, CA; Britton, 1923-Atlantic States MA to GA; Hollinger, 
1923-MO; Merrill and Chaffin, 1923-FL; Dabbour, 1967-OK; Schuder,
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1954-IN,MI). Cantelo (1953) reported that euonymus scale is 
found wherever its hosts are grown, and that it is so widespread and 
abundant throughout the United States that euonymus and other host 
plants cannot be grown without danger of Infestation.
Unaspis euonymi has been recorded on a wide range of host plants,
but is most often associated with members of the plant family
Celastraceae (Rao, 1949). Table 2 lists family and genera of known 
host plants of the Insect. Gill et al. (1982) reported that the scale 
was found on about 30 of the 170 species of Euonymus. Table 3 lists 
the known species of Euonymus that serve as hosts. Warner (1949), 
Dabbour (1967), and Williams et al. (1977) reported some varietal 
differences In susceptibility to euonymus scale. Varieties they found
not to be susceptible are listed in Table 4.
The location of the host plants within the landscape has been 
recorded by researchers as Influencing scale infestation levels. 
Johnson and Lyon (1976) and Williams et al. (1977) found that plants 
placed close to buildings seemed to be damaged more from scale 
Infestations than those growing where there was free air circulation. 
Apparently, resistant varieties and selected placement of host plants 
within a landscape design are candidates for research and use in urban 
integrated pest management programs.
Predators and Parasites
Several parasites, predators, and acarina have been found 
associated with euonymus scale (Table 5). These biological agents have 
not been successful in controlling euonymus scale outbreaks. 
Researchers listed several reasons for poor control of U. euonymi with 
parasites and predators, Including; (1) development of biological
10
agents within scales was slow and scales successfully developed 
despite parasitism; (2) biological agents were general feeders and 
attacked a wide range of diaspld species, and; (3) agents rarely 
appeared in nature.
Cantelo (1953) determined that parasitism by Aspidiotaphagus 
citrinus (Craw.)(=* Encarsia citrina (Craw.)) was too slow to have any 
controlling effect on euonymus scale. He stated that the parasitized 
females still lay eggs, although in smaller quantities, and that the 
scale probably dies before the wasp emerges. He concluded that 
despite up to 25% parasitism of U, euonymi by A. citrinus, the 
parasite cannot be considered of practical value in control because of 
its slow effect and comparatively rare appearance. Chumakova (1965) 
reared A. citrinus on 16 species of armored scale and recorded results 
similar to Cantelo. He found A. citrinus within all developing stages 
of the scale, excluding eggs, crawlers, and adult males, and concluded 
the following: (1) adult parasites emerge from 2nd instar scales 
when eggs are laid in young scale larvae; (2) when parasites lay eggs 
in 2nd instar scales, adult parasites emerge after the adult scale 
stage is reached; (3) when eggs are laid in young adult female scales, 
the parasite does not emerge until after the scale has already 
succeeded in laying eggs; and (A) the parasite does not successfully 
develop from eggs laid in female scales which are near the end of 
ovipositlon and the parasite perishes with the dying scale. Chumakova 
also noticed more parasitism by A. citrinus towards the end of the 
Bummer and that infestations of the parasite varied greatly from year 
to year and location to location.
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Other parasites found associated with 1U. euonymi have been 
unsuccessful in controlling their host. Balachowsky (1954) and 
Poutlers (1928) recorded 2 species of mymarid wasps associated with U. 
euonymi. However, Balachowsky questioned the validity of these 
records and stated that mymarids have never been reared specifically 
from scale insects. He suspected that contamination of scale Infested 
plant material with eggs of other insects containing mymarid parasites 
lead to the recordings of these wasp associated with _U. euonymi.
Several parasites and predators associated with euonymus scale 
are classified as generalists and are found associated with a wide 
variety of diaspid hosts. Aphytis citrinus parasitizes many species 
of armored scales (Chumakova, 1965). The genera Prospaltella,
Aphytis, and Aspidiotaphagus are associated with many diasplds (DeBach 
et al., 1971). Cantelo (1953) reported that aphid lions ^Chrysopidae 
larvae) gave more effective control of euonymus scale than any other 
biological factor, but that the control achieved was not adequate. 
Underhill (1943) reported one coccinellid predator, Chilocorus stigma 
(Say), to be periodically abundant on infested euonymus plants; 
however, the beetles did not prevent plant destruction by IJ. euonymi.
Several species of acarina have been found associated with 
euonymus scale. They also were ineffective in controlling population 
outbreaks of the scale. Gill et al. (1982) reported that the 
predaceous mite, Hemisarcoptes malus (Shimer), was the only predator 
of euonymus scale found in his study, and that the mites were unable 
to prevent plant destruction by the scales. Anystis sp. and 
Thyreophagus entomophagus (Laboulbene) have also been found to be
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associated with IJ. euonymi (Dennis, 1969; Dabbour, 1967; Kosztarab, 
1963). Dennis (1969) reported Anystls sp. as ineffective in 
controlling outbreaks of U. euonymi. Dabbour (1967) found T. 
entomophagus to be periodically predaceous on the scales, but stated 
that the mites also fed on cast skins and dead scales which were 
slightly moist. All other mites that were found associated with 
euonymus scale (Table 5) were either algivorous or fungivorous.
Dennis (1969) summarized research on control of U. euonymi with 
biological agents and stated, "...there seems to be no method of 
biological control that can be contemplated as an alternative to 
insecticides for control of this insect". However, Gill et al. (1982) 
pointed out that in the United States no serious attempt has been made 
to control scale insects on ornamentals with biological agents. 
Furthermore, they believed that because effective biological control 
agents were found and imported for control of other introduced scale 
pest, such as California red scale, that comparable results could be 
expected by introducing natural enemies of euonymus scale not present 
in the United States.
Life Cycle of Unaspis euonymi
The life cycle of euonymus scale has been the subject of many 
reports, however these data vary greatly in interpretation of specific 
details of the scale's life cycle. Researchers disagree on the number 
of generations per year, the number of instars for each sex, the 
length of time spent in each instar, the number of eggs laid by 
females, and the overwintering stage(s) of euonymus scale.
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The number of annual generations of euonymus scale reported by
previous workers has varied from 2 to 5. The number of generations is
expected to change with the temperature-latitude gradient, with the
number increasing nearer the equator. Therefore, much of the
variation reported in number of annual generations of IJ. euonymi is
understood. However, some researchers reporting from the same area
have presented conflicting data.
Most researchers from the northern section of the United States
have reported 2 annual generations of euonymus scale, although some 
rdhave recorded a 3 . Warner (1949) and Cantelo (1953) reported 2
generations in Massachusetts. Britton (1923) and Schread (1954; 1970)
rdreported 2 generations and Felt (1933) recorded a 3 generation in 
Conneticut. In Ohio, Houser (1918), Neiswander (1958; 1966) and 
Kosztarab (1963) also reported 2 generations per year. Kerr (1952) 
and Stimmel (1979) reported 2 generations each year in Rhode Island 
and Pennsylvania, respectively. Two generations have also been 
recorded in Maryland by Gahan (1907), Sanders (1909), Cory and 
Highland (1957), and Gill et al. (1982). Hamilton (1935) recorded 2 
and Weiss (1953) 3 generations each year in New Jersey. Felt and 
Bromley (1931) reported 3 annual generations in New York.
In general, researchers in more southern regions of the United 
States found more annual generations of euonymus scale, but Chapman et 
al. (1931) recorded 2 generations in Virginia. Williams et al. (1977) 
reported 3 complete generations each year in Alabama and Weigel and 
Baumhofer (1948) reported 3 generations annually across the central 
Atlantic States. Dabbour (1967) reported 4 or 5 generations occurring 
each year in Oklahoma.
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Studies of the life cycle of euonymus scale outside of the United 
States have revealed Information similar to those found in the 
northern United States. Murakami (1970), Vinis (1977), and Dennis 
(1969) reported 2 annual generations in Japan, Hungary, and England 
respectively.
Recorded periods of peak crawler emergence for euonymus scale
also varied according to the region of the United States and the
author. In the northern United States, where 2 generations per year
were recorded, peak crawler emergence periods were in May-June and
late July-August (Houser, 1918; Warner, 1949; Schread, 1954; 1970;
Neiswander, 1958; 1966; Kosztarab, 1963). In northern states where
3 annual generations were reported, peak crawler emergence periods
occurred in late May, mid-June, and early October (Weiss, 1953; Felt
Stand Bromley, 1931). In the southern United States, the 1 peak 
crawler period occurred earlier than in the north, and there was an 
increase in the number of peak crawler periods. In general, peak 
crawler periods occurred in March, early April-June, and August 
(Weigel and Baumhofer, 1948; Williams et al., 1977). Dabbour (1967) 
recorded a peak crawler emergence period in Oklahoma in April, July, 
August, and September.
Researchers also have failed to agree on the number of lnstars 
through which each sex of euonymus scale develops before maturity. 
Warner (1949) cited 4 developmental stages for the female and 3 for 
the male, while Cantelo (1953) and Dabbour (1967) reported 4 stages 
for the female and 5 for the male. Gill et al.(1982) interpretation 
of the scales developmental taxonomy is in strongest accord with
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the developmental taxonomy of other diaspids. They reported 3 female 
and 5 male stages.
Discrepancies also exist In the reports of researchers on the 
overwintering stage of euonymus scale. Houser (1918), Britton (1923) 
and Westcott (1946) reported that the scales overwinter in the egg 
stage. They contributed survival of eggs in harsh environmental 
conditions to the ridged covering left behind by the adult female. 
Cantelo (1953) and Pyenson (1941) reported that the immature and 
mature females overwinter, and Cantelo further suggested the 
possibility of immature males overwintering. The majority of 
researchers reported the fertilized female as the overwintering stage 
(Hamilton, 1935; Underhill, 1943; Weigel and Baumhofer, 1948; Warner, 
1949; Weiss, 1953; Schread, 1954; 1970; Neiswander, 1958; 1966; 
Kosztarab, 1963; Murakami, 1970; Johnson and Lyon, 1976; Vinis, 1977; 
Williams et al., 1977; Gill et al., 1982).
Specific details of the life cycle of euonymus scale, such as sex
ratio, number of eggs laid per female, and specific length of time
spent in each developmental stage, also vary in published reports. 
Cantelo’s report (1953) on the sex ratio of euonymus scale indicated
that male scales were more numerous than females, and gave the
following male:female ratios: 8.1:1 on leaves; 1.2:1 on stems; 3.3:1
on upper leaf surfaces; and 22.5:1 on lower leaf surfaces. Gill et 
al. (1982) reported similar findings in the ratio of male:female 
scales, however he did find more females than males on stems (1:1.2, 
maletfemale ratio).
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Reports on number of eggs laid per female vary greatly. Warner 
(1949) never found more than 12 eggs under the female at a time, and 
therefore concluded that oviposition lasted over a prolonged period.
He determined the'maximum number of eggs laid per female to be 80. 
Greater ranges in number of eggs laid per female were reported as 
follows: Chapman et al. (1931) 60-157; Underhill (1943) 63-143;
Dabbour (1967) 30-50; and Gill et al. (1982) 36-67.
Information on developmental time for each stage also indicated 
discrepancies. Wide variation among authors' reports is partially due 
to the number of instars by sex that each Identified. Because authors 
recognize a different number of stages, it is difficult to compare 
their findings on developmental time for each stage. However, some 
similarities in developmental time of particular life stageB can be 
noted in the following comparison:
Time (days)
Developmental Warner Cantelo Dabbour
Stage (1949) (1953) (1967)
Crawler (1st instar S & tf) 23 4-6 13-18
2nd instar 9 13 14-17 14-21
3rd instar (immature S) 25 21 10
Adult 9 30 30-60 30-60
2nd instar cr 31 14-17 12-14
3rd instar <f — 5-11 5-11
4th instar tf — 8-14 8-14
Adult tf <1-2 <1-3 <1
Finally, published reports on developmental time/generation for 
U. euonymi varied from author to author. The following table 







Underhill (1943)/VA 42 28-35
Varner (1949)/MA 63 49 — —
Cantelo (1953)/MA 49 46 — —
Dabbour (1967)/OK 21-30 28 28 21
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—  References: Borchsenlus (1966), Johnson and Lyon (1976), and 
Gill et al. (1982).
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Table 3. Euonymus species and varieties attacked by Unaspis 






































* Listed as a variety of IS. hamiltoniana in Hortus Third (Bailey and 
Bailey, 1976).
** Not listed as a species of Euonymus in Hortus Third (Bailey and 
Bailey, 1976).
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Table 4. Euonymus species and varieties resistant to Unaspis euonymi. 
(Warner, 1949; Williams et al., 1977).
Genus species varieties
Euonymus sp. no. 94-33-B ^




* Light infestations reported on this variety by Williams et al. 
(1977).
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Aenasioidea hispanica Mercet 
Allapus excisus (West)
Aphytis gordoni DeBach and Rosen 
Aphytis diaspidis (Howard) 
(■Aphelinus fuscipennis Howard)
Aspidiotaphagus citrinus agilor 
Berlese 
Dicopus citri Mercet 



















Pouiters (1928), Balachowsky (1954) 
Rosen and DeBach (1979)




Pouiters (1928), Compere (1936),
De Santis (1941), Underhill (1943), 
Warner (1949), Cantelo (1953), 
Balachowsky (1954), Kosztarab 
(1959; 1963), Chumakova (1965), 











(Laboulbene) Kosztarab (1963), Dabbour (1967)
MATERIALS AND METHODS
Survey of Unaspis euonyml (Comstock) in Baton Rouge, Louisiana
A  survey was conducted from July 20 through August 3, 1981, in 
Baton Rouge, Louisiana, to determine amount of Infestation and 
evaluate injury to Euonymus spp. caused by U. euonyml. Six areas of 
the city (Fig. 1) were surveyed. Areas 2, 3, 4 and 6 are subdivisions 
where Euonymus spp. have been used frequently in landscaping yards. 
These subdivisions range in age from 1 to >20 years, with Forest Glen 
Estates being the most recently constructed area, followed in 
increasing age by Brookwood, Kenilworth, and Broadmoor subdivisions. 
Area 1 is on the campus of Louisiana State University and area 5 is 
the Wooddale business district. In each area, people in every 5 ^  
residence or business office which had Euonymus spp. in their 
landscape were asked to participate in the survey.
For each location where permission was obtained to examine the 
euonymus plants, the homeowners/business office personnel helped to 
obtain the following information for each plant:
1) variety or cultivar of Euonymus sp.
2) approximate number of years plant had been in landscape (age 
of plant);
3) location of plant within the landscape design (classified as 
either "protected" environment-plant located next to a 
structure where airflow and exposure to rain is restricted, 
or "unprotected" environment-plant located where it is 
fully exposed to environmental conditions and air flow around
22
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Figure 1 Map of Baton Rouge, Louisiana, defining 
areas of the city surveyed for Infestations 
of Unaspis euonyml on Euonymus spp.
CD LSU (aapusCD Kenilworth Subd.CD Broadaoor Subd.CD Brookwood Subd.CD Wooddale Center CD Forest 6len Estates
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the plant Is unrestricted).
Two Individuals working independently examined each euonymus 
plant for infestation by U. euonymi and then rated the Infestation on 
the following scale:
0 ■ uninfested plant
1 £ 20% of plant infested
2 = 21-40% of plant infested
3 “ 41-60% of plant Infested
4 = 61-80% of plant infested
5 £ 81% of plant Infested
Infestation ratings were derived by the following method:
(1) Each plant was divided into zones as follows: top right, top 
left, bottom right, and bottom left.
(2) Each zone was searched for the presence of euonymus scale on 
leaves and stems. If scales were present on the plant, the 
percentage of host infested in each zone was estimated.
(3) Using the estimated figures on percentage of host infested 
for each zone, an overall Infestation rating was calculated 
and recorded.
Identification of Parsites of Unaspis euonymi in Louisiana
Parasites found associated with U. euonymi were collected over a 
2 year period from August 1981 through August 1983. Collections were 
made using several methods. First, branch and leaf samples were 
collected from infested euonymus plants throughout the survey area 
discussed above and from infested euonymus plants that were maintained 
on the Hill farm of Louisiana State University. The samples were 
brought into the laboratory and examined under a compound microscope
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for parasitism. If adult parasites were observed, they were collected 
with the aid of an aspirator and then prepared for Identification 
according to the technique by Knutson (1976).
Once adult parasites were removed from the plant, the dorsal 
coverings of scales were lifted and their bodies examined for immature 
parasites. When parasitized scales were found, one of 2 methods was 
used to rear the parasite to an adult. First, if the parasite was in 
the pupal stage, the scale was removed from the plant and placed in a 
No. 5 Eli Lilly & Co. gelatin capsule. These capsules were observed 
daily for emerged parasites. When found, the parasites were collected 
and prepared for identification. If parasites were found to be in the 
early stages of development, the process was modified to ensure that 
the scales could feed until the parasites reached maturity. Leaf and 
twig samples hosting parasitized scales were placed in rearing cages 
made of 2 vials. The inner vial (~5 ml) filled with water held the 
leaf petiole or stem. Cotton was used to seal the vial opening to 
prevent dehydration. It was placed inside an outer vial (-40 ml) 
which served as a cage for emerging parasites. The outer vial was 
closed with a rubber cap containing a nylon window to prevent escape 
of the parasites. The cages were examined twice weekly for emerged 
parasites. Water was added to the inside vial after each examination.
27
Evaluation of Parasites as Aids in Control of Unaspis euonymi.
A  study was conducted from March through September 1982, to 
determine the percentage of IJ. euonymi parasitized by naturally 
occurring parasites. Forty apical leaf and stem samples from infested 
euonymus plants were collected at 2 week intervals from each of 2 
locations in Baton Rouge, Lousiana (Kenilworth subdivision and Hill 
farm, Lousiana State University Campus). For each sample, 100 scales 
were microscopically examined for parasitism. Percentage parasitism 
was determined by the presence of exit holes in the dorsal covering or 
by the observance of an immature parasite under the dorsal covering of 
the scale. The number of parasitized scales was recorded.
Life Cycle of Unaspis euonymi in Louisiana
The life cycle of IJ. euonymi was studied from March 1981 through 
November 1982, under field conditions in Baton Rouge, Louisiana, and 
from August 1981 through September 1982, under laboratory conditions.
The life cycle in the field was determined by observing the 
presence of scale life stages on new growth of Infested euonymus 
plants. Plant samples were collected from Kenilworth subdivision, 
Briarwood Drive, and the Louisiana State University campus twice 
weekly during periods of scale activity (March-October) and twice 
monthly during overwintering periods (November-February). Samples 
were examined under a dissecting microscope. Presence of egg 
development in adult females, the occurrence of oviposltion by
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females, the various Immature and adult stages present, and the mass 
emergence of crawlers and adult males was determined.
The life cycle of euonymus scale was studied under laboratory 
conditions for a one year period on 5 Infested E. japonica. Host 
plants were maintained in a 1:1:1 soil:bark:sand mixture in 19 cm 
diameter plastic containers. The containers were placed on a raised 
bench with 20-27°C temperature and exposed to a 12 hours light:12 
hours dark photoperiod. Each plant was fertilized monthly with 5 
g/pot 9-13-7 granular Fertiloam fertilizer. Plants were infested with 
euonymus scale by fastening a branch sample hosting 5 adult female 
scales with actively hatching crawlers to a branch of the test plant 
with a large paper clip. The crawlers moved readily from the infested 
sample to the clean plants and settled to feed. Their developmental 
progress was observed and recorded every 3 days.
Examinations for the number of eggs per female and time required 
for oviposltion to be completed were made for 3 generations of 
euonymus scale. Young females with developing eggs were isolated on 
stems or leaves by scraping other scales from surrounding plant 
tissues. The stem or leaf was then placed in a double vial cage 
described previously for use in rearing immature parasites. Thirty 
females were caged and observed every other day for each generation. 
The appearance of crawlers, the cessation of oviposltion, and the 
total number of crawlers present in cages when females completed 
oviposltion were recorded.
RESULTS AND DISCUSSION
Survey of Damage to Euonymus sp. by 
Unaspis euonymi in Baton Rouge, Louisiana
A total of 648 plants were examined in the 6 survey areas. Five 
varieties/cultivars of Euonymus japonica were found. These are 
aureomarginata, aureovariegata, 'Grandifolia', 'Silver King', and 
'Silver Queen'. The estimated age of these plants ranged from 1-9 
years. The number of plants classified as being in a "protected" 
environment was 529 (81.63%) while the number classified as being in 
an "unprotected" environment was 119 (18.36%). Of the 648 plants 
examined, 412 (63.5%) were not infested with euonymus scale, 136 
(20.4%) were lightly infested (rating of 1 or 2), 54 (8.3%), were 
moderately infested (rating of 3 or 4), and 51 (7.8%) were heavily 
infested (rating of 5).
An analysis of variance of data showed no significant differences 
(P>0.05) in infestation ratings due to the individual examining the 
plants. Therefore a mean Infestation rate was assessed for each plant 
by combining the individual ratings and dividing by 2. An analysis of 
variance for mean rate of infestation showed significant differences 
(P<0.05) in infestation levels of euonymus scale due to 
variety/cultivar of host plant, the location of the host plant in the 
landscape ("protected" versus "unprotected" environment), the area or 
subdivision surveyed, the length of time plant had been in the 
landscape (age of plants), and the Interaction of variety and location 
of plant in the landscape.
Of the 5 varieties/cultivars of E. japonica examined in the
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survey, there was a significantly higher (P<0.05) mean rate of 
infestation for IS. japonica var. auerovariegata (Table 6). Mean rates 
of infestation on other varieties/cultivars were not significantly 
different (P>0.05). Also, plants classified as being in a "protected" 
environment had a significantly higher (P<0.05) mean rate of 
infestation than those classified as being in an "unprotected" 
environment (Table 7). Although these data show no indication of 
resistance in the varieties/cultivars of IS. japonica surveyed, they do 
indicate that varietal preferences can be detected and lend support to 
the observations of William et al. (1977) that a host plant's location 
in the landscape can effect scale infestation levels.
Area or subdivision surveyed also showed significant differences 
(P<0.05) in mean rate of Infestation (Table 8). It was originally 
hypothesized that if older, more established subdivisions were 
compared with younger subdivisions, the older areas would have older 
euonymus plants, a higher percentage of infested plants, and heavier 
scale populations on infested plants. These hypotheses proved to be 
false. In the oldest subdivision surveyed, Broadmoor, 60.3% of all 
euonymus plants surveyed had been in the landscape less than 3 years. 
In addition, this subdivision proved to have the lowest percentage of 
infested plants (14.55%). The percent infested euonymus in the newer 
subdivisions of Kenilworth, Brookwood, and Forest Glen were 43.5%, 
34.5% and 26.83% respectively. In the Wooddale business district, 
where most landscapes are maintained by professional maintenance 
firms, only 15.6% of surveyed plants were infested, while 97.2% of 
euonymus surveyed around the Louisiana State University Campus were
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Table 6. Mean rates of Infestations of Unaspis euonyml on 5
varieties/cultivars of Euonymus japonica in Baton Rouge, 
Louisiana.
Mean Rate o
Variety/cultivar N Infestation— 1
var auerovariegata 64 1.2969 a
cv 'Grandifolia' 7 1.0000 ab
var aueromarglnata 504 0.9226 b
cv 'Silver King' 55 0.8000 b
cv 'Silver Queen' 18 0.6667 b
—  Duncan's Multiple Range Test. Means followed by the same 
letter are not significantly different (“-.05).
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Table 7. Mean rates of infestation.of Unaspis euonymi on Euoaymus 
japonica in a "protected"—  versus an "unprotected"—  
location in the landscape design.
Location in Mean Rate of.
Landscape N Infestation—
Protected 528 1.0435 a
Unprotected 120 0.5000 b
—  "protected" location- plant is located next to a structure that 
serves to shelter the plant from direct rain and restricts 
airflow around the plant.
2/—  "unprotected" location- plant is fully exposed to rains and
airflow around the plant is not restricted.
3/—  Duncan's Multiple Range Test. Means followed by the same letter 
are not significantly different (°™.05).
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Table 8. Mean rates of Infestation of Unaspis euonyml on Euonymus 
1aponlca in 6 areas surveyed In Baton Rouge, Louisiana.
Survey Area N
Mean Rate of. 
Infestation—
Louisiana State Univ. Campus 35 3.371A a
Kenilworth Subdivision 251 1.2211 b
Brookwood Subdivision 109 0.6376 c
Broadmoor Subdivision 126 0.6150 c
Forest Glen Estates Al 0.5365 cd
Vooddale Business District 86 0.203A d
—  Duncan's Multiple Range Test. Means followed by the same letter 
are not significantly different (®=.05).
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Table 9. Mean rates of infestation of Unaspis euonyml on Euonymus 
.-japonica by age of host plant.
Age of 
Plant (Years) N
Mean Rate of. 
Infestation—
7 26 4.4230 a
9 17 3.6471 b
6 47 2.1489 c
5 57 1.5526 d
4 126 0.9722 e
3 91 0.6593 f
2 212 0.2452 g
1 58 0.1724 g
8 14 0.0000 g
—  Duncan's Multiple Range Test. Means followed by the same letter 
are not significartly different (“>=.05).
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Figure 2. Percentage Euonymus japonica infested by Unaspis euonymi 
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Figure 3 Mean and maximum number of Unaspis euonymi parasitized 
per 100 scales plotted over time.
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Infested. Information obtained from Broadmoor homeowners Indicated 
that many of their euonymus had been planted to replace plant material 
that had either died or been removed from the landscape. Thus* age of 
the subdivision did not coincide with age of plants present In the 
landscapes. Though significant differences were found in scale 
infestation levels due to area surveyed, age of the subdivision was 
not a reliable variable for predicting these levels.
Significant differences (P<0.05) in mean rate of infestation 
were also related to estimated age of the host plant (Table 9). 
Generally, there was an increase in mean rate of infestation as host 
plants Increased in age. An exception to this trend did exist, as 
plants classified as being 8 years of age had a lower mean rate of 
infestation than those 1-year-old. However, a small sample size of 8- 
year-old plants is believed to be responsible for this variation. Of 
the 14 plants classified as being 8-years-old none were found to be 
infested.
The percentage of infested euonymus for each age classification 
is shown in Figure 2. The graph illustrates significant (P<0.05) 
correlation (r= 0.54) between plant age and percentage of euonymus 
infested with U. euonymi. With the exception of 8-year-old plants, 
the graph indicates an increase in percentage infested plants with an 
Increase in plant age.
Parasites of Unaspis euonymi, Baton Rouge, Louisiana
Two parasites were reared from U. euonymi collected in Louisiana.
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Both are hymenopterous parasites in the family Aphelinidae. The
parasite most frequently collected was Encarsia cltrina (Craw.)
(■AspidiotiphaRus cltrinus), a cosmopolitan, polyphagus species.— ^
The 2n<̂  species collected belonged to the genus Aphytis and is
1/ 2 /believed to be closely related to dlaspidis.—  —
These parasites were not effective in controlling IJ. euonymi. 
Occurrence of parasites in March-June 1982 was rare. The mean number 
of parasites per 100 scales was <1 and the maximum number observed per 
100 scales was 4. In July-September 1982 the mean number of parasites 
per 100 scales and the maximum number of parasites per 100 scales 
increased (Fig. 3), but never exceeded 3 or 14, respectively. j£. 
citrina and/or Aphytis sp. do not appear to be effective control 
agents for U. euonymi in Louisiana.
Life Cycle of Unaspis euonymi in Louisiana
In order to study the life cycle of U.euonymi in the field, a 
method to identify each stage without removing the insects from their 
host was developed. Data obtained in the taxonomic study of the 
species (Section II) enabled comparison of immature and adult female 
stages with specific characteristics of the Insect's dorsal covering. 
Thus, it became possible to recognize immature and adult female stages 
primarily by the shape and size of their dorsal covering rather than 
by external characteristics of the insect body. Adult males were
—  Personal correspondence from Dr. D. Rosen, Professor of 
Entomology, Hebrew University of Jerusalem, Israel, September 2,
2/ 1982.
—  Personal correspondence from Dr. M. Rose, University of 
California, Riverside, October 15, 1982.
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easily Identified while on the plant by being the only winged form of 
the Insect. The metamorphic characteristics of euonymus scale that 
enabled identification of other stages using characters of the dorsal 
covering are discussed below.
Metamorphoses of Unaspis euonymi (Comstock)
The metamorphoses of the male and female euonymus scale vary
greatly and allow for identification of the sexes early in the life
Stcycle. After the 1 stage is completed, the dorsal coverings of 
the male and females differ in size, shape, and color (Fig. 4). Other 
differences between sexes include: females molt twice while males molt 
4 times; and, adult females closely resemble their immature forms, 
while adult males differ markedly from their immature forms. Although 
characters that enabled early sexing of euonymus scale were obvious to 
the trained eye, the specific characters used to identify the stages 
of each sex were not as pronounced.
S £The newly hatched 1 instar of U. euonymi (Fig. 4 A), referred 
to as the crawler, is the only mobile stage of the scale, excluding 
adult males. Without magnification, the crawler is very difficult to 
detect due to its small size (<300y). The crawler is oval in outline, 
much flattened, and yellow-orange in color. With the aid of a hand 
lens, one can detect 6 legs, a pair of well developed antennae, and 
sucking mouthparts. Crawlers often emerge synchronously and can 
periodically be observed in large numbers moving to new growth of host 
plants. The crawlers normally settle on the new growth of hosts 24 to 
48 hours after hatching and insert their mouthparts into the plant 
tissues and begin to feed. Shortly thereafter, the crawlers begin to
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Figure 4. Diagram of the crawler, the adult male, and the 
dorsal coverings of sessile stages o£ Unaspis 
euonymi (Comstock). (A^ crawler, 1 instar 
male and femgle, (£) 2 instar female, (ex.) 
exuvia of 1 instar, (s) secretion from boayngf 
insect, (C) adult female, (ex.) exuvia from 2 
ingtar, (D) mature adult female with eggs, (E)











excrete fine threads of wax over their bodies that form a dorsal and
Stventral coverings. The formation of these coverings mark the 1 
molt.
Second instar nymphs of euonymus scale can be easily sexed due to
the varying shape, size, and color of their dorsal coverings. The
2nc* stage female (Fig. 4 B) is recognized by the presence of the
crawler exuvia (ex^) and a newly excreted brown, oval 2nt* layer
(S). The 2n(  ̂ stage male (Fig. 4 E) is recognized by the presence of
the crawler exuvia and secretion of white elongate cottony fibers
which form a short, distinctly tricarinated covering. The body of the
2n<* stage male and female undergo remarkable change and appear to
retrogress to a less organized form when viewed under magnification.
Both male and female have lost their legs and well developed antennae
and have no means of locomotion. The mouthparts remain however, and
ndboth sexes feed vigourously as 2 stage nymphs.
The 2n<* and final molt of the female presents less drastic 
change. The adult female closely resembles the 2n(* stage when 
viewed on the plant (Fig. 4 C,D). The exuvia from the 2n(* instar 
(ex^) is joined to the exuvia from the crawler (ex^), and both 
form the dorsal covering of the newly emerged adult female. The adult 
female then excretes layers of waste to form the 3r<* layer of the 
covering. The covering becomes oyster shell shaped, broadened toward 
the posterior end, brown to grayish brown in color and 1.6-2.0 mm in 
length. The mature female (Fig. 4 D) is recognized by her increased 
size as she becomes distended with eggs. As oviposition progresses 
the female deposits eggs beneath her body and the yentral covering.
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She gradually pulls her body forward to create a cavity for the eggs.
When eggs begin to hatch, the ventral and dorsal coverings become
separated to allow crawlers to emerge, 
nd YdThe 2 and 3 molts of the male scale (Fig. 2 E-G) are
difficult to distinguish. The dorsal covering of the insect gradually
becomes longer, reaching a length of 1.5-2.0 mm, remains white in
color and becomes deeply grooved lengthwise in the tricarinate
pattern. Magnification is needed to separate 2n<  ̂ and 3r(* stage
males because there is no distinct marking on the covering of the
insect to indicate a molt. Although the bodies of the scales are
similar in size and color while in these 2 stages, they can be
separated using the following characters: 2n<̂  stage males have well
developed mouthparts and actively feed, while 3r<* stage males have
greatly reduced mouthparts and do not feed; secondly, the body of the
2n<* stage males are without appendages, while rudimentary legs,
rdantennae and wings are visible on 3 stage males.
The A1"*1 stage male (Fig. 4 G ) , or pupal stage has antennae,
legs, rudimentary wings, and conspicious black eye spots that can be 
seen through the dorsal covering. Neither the prepupa or pupa feed.
The 5 ^  stage or adult male (Fig. 4 H ) , is easily distinguished
from all other stages. They are bright orange in color; each has 1 
pair of large, delicate wings, 10-segmented antennae, a stylet which 
is more than half the length of the entire body, 2 pair of compound 
eyes, and greatly reduced mouthparts.
Results of the life cycle study were obtained by using the 
aforementioned characters to identify sex and stage of the scales.
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Although it was possible with the aid of a hand lens to Identify all 
stages of the scale on the plant, the prepupal and pupal stages are 
represented together in the following discussion. Neither the 
prepupal or pupal stages of U. euonymi feed, and control 
recommendations are usually not aimed at these stages. Since an 
objective of this study was to determine optimal timing for applying 
chemical control measures, combining these 2 stages in representing 
the life cycle of euonymus scale aids in condensing and clarifying 
life cycle information.
The life cycles of IJ. euonymi in Louisiana in 1981 (Fig. 5) and 
1982 (Fig. 6) were very similar. The scales completed 3 generations 
and overwintered as fertilized adult females both years. Although 
immature stages were present on host plants late in the season of both 
years, the onset of cold weather eliminated these stages and only 
adult females survived. Periods of peak crawler emergence were 
similar for both years and occurred in late March-early May, July, and 
September.
Figures 5 and 6 only depict the duration in which each stage was 
present on host plants and do not indicate the developmental time 
required for individual scales. Developmental time of each instar 
within each generation is presented in Table 10. Time elapse from the 
observance of eggs under females to crawlers was 11.212.4 days. Time 
elapse from observation of the 1st crawlers to 2n<̂  instar males 
and females was 9.712.1 days. The development of 2nt* instar females 
required 33.712.9 days. Adult females other than overwintering 
individuals required 1812.6 days to oviposition. Overwintering females 
required 147 days before oviposition took place. Developmental time
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for 2n<̂  lnstar males was 13.7±2.7 days. Prepupal development
required 10.5±4.9 days and pupal developmental 9.5±3.5 days, for a
total period of 19.8±3.4 days. Adult males lived only 30±8.4 hours.
The developmental time required for females (egg to adult female)
was 55±6.3 days, while developmental time for males was 54.8±8.8 days.
It is difficult to discern from Figures 5 and 6 the life stages
that make up the majority of a scale population at any given time.
Because of the prolonged periods in oviposition by adult females
(30-60 days), individuals in the various stages of development do not
molt synchronously and therefore several stages of the scale appear
together on the host. Although early and late molting individuals
were identified with each stage and are included in the developmental
periods in Figures 5 and 6, periods when populations would peak at
Stleach stage were identified. Peak populations of 1 lnstars
occurred in April-early May, July, and September. Highest population
of 2n<* instar females and males occurred in May, late July-August,
and October. Numbers of nonfeeding males peaked in late May, August
and late October. Adult males were predominant for a brief period in
early June, mid-August and late October. Peak numbers of adult female
occurred in late May-June, late August-September, and October-April.
Although the seasonal cycle in 1982 seemed to be repetitious of
the 1981 cycle, several differences were observed. Eggs were not
found under overwintering females in 1981 until the 4 ^  week of
March, while in 1982, eggs were 1st found during the 2nt* week of
81March. Early development of eggs in the 1 generation of 1982
s tallowed for earlier development of all other stages. The 1 ,
tid xd2 , and 3 generations appeared ca. 2 weeks earlier in 1982 than
1981. Favorable environmental conditions for scale oviposition in
early March through late October, 1982 resulted in the development of
eggs and immature stages of a 4 th generation. Although some females 
xdof the 3 generation produced eggs and crawlers, the immatures 
tilrepresenting the 4 generation were eliminated by unfavorable
xdenvironmental conditions and adult females of the 3 generation 
were the only scales that overwintered successfully.
When euonymus scales were reared in the laboratory at ambient 
room temperature (25°± 3°C) and 12 hours light:12 hours dark 
photoperiod, they matured (crawler to adult stage) in as few as 41 
days for females and 43 days for males. Although females were 
sexually mature in ca. 6 weeks, they did not produce crawlers until 
they were 9-11 weeks old. Egg production extended over a 4-8 week 
period before females died. Males lived only 24-48 hours after 
emerging.
The developmental time required for laboratory-reared scales was 
about the same as for those reared in the field (Table 10).
Developmental time of 5 laboratory generations of females follows: egg
oviposition to crawler, 8±1.4 days; crawler to 2n(* instar, 13.519.2 
days; 2n(* instar to adult, 36.513.5 days; adult to egg development 
13.413.4 days; and egg development to oviposition 14l4.2 days.
The total time required from adult to oviposition of egg was 19.516.4
S£days. Variation in time required for development of eggs to 1 
lnstar males was the same as for females. Time required for 
development of other male stages were as follows: 2n<* instar to 
prepupa/pupa, 1814.2 days; prepupa/pupa to adult, 2718.5 days.
Table 10. Developmental periods of laboratory- and field-reared Unaspis euonymi 
(Comstock) in Louisiana.
Time (Days)




3 4 Laboratory Reared
Adult 9- egg oviposition 19±2.8 19.5+2.1 15+132— ^ 18*' 19.5+6.4
egg-crawler 12+2.0 1012.0 1212.8 9 811.4
crawler- 2nd instar 9/cf 1111.0 9.513.5 8.512.1 10 13.519.2
2nd lnstar 9- Adult 9 33.5±2.1 3 U 1 . 4 36.512.2 36.513.5
2nd instar <f- 3rd instar 12+2.0 1311.4 1612.8 - 1814.2
3rd/4th instar Adult 22.512.1 17.514.9 19.512.1 - 2718.5
egg-adult 9 56.516.4 50.517.8 5815.7 - 57+11.3
egg-adult <f 57.519.2 50112.7 5718.5 - 62116.9
—  Overwintering females were present for 147 days before oviposition took place. 
2/ th—  Scales beginning 4 generation did not overwinter.
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Differences in developmental time of laboratory- versus field 
reared-insects are most apparent when comparing the 5 generations of 
laboratory-reared insects with 2n<* generation field insects. Second 
generation field insects matured (crawler to adult) in 40.5±4.9 days 
for females and 40±9.9 days for males, while laboratory-reared insects 
matured in 50112.7 and 58.5121.9 days, respectively. It is probable 
that the high summer temperatures that occurred in Louisiana during 
development of the field-reared 2n<* generation caused the 
decrease in time required for the insects to reach maturity.
Fecundity of Unaspis euonymi
Results of fecundity counts for 3 generations of IJ. euonymi in 1981
indicates the total number of eggs produced decreases with each
subsequent generation (Table 11). First generation females deposited
nd rdan average of 80 (40-137) eggs, whereas 2 and 3 generation
females averaged 45 (18-83) and 25 (3-62) eggs, respectively. Females
produced eggs over a 30-60 day period for each of the 3 generations.
Evidence of the decrease in number of eggs produced by females of
each generation is shown in Figure 7, where the mean number of eggs
deposited by a female is plotted against time. The mean number of
eggs per female peaked 3 times and the peaks correspond to the
s tdevelopment of 3 generations. The mean number of eggs by 1
generation females (April) peaked at 28 eggs, while the mean for the 
nd rd2 and 3 generations decreased to 15 eggs.
55
Table 11. Fecundity of 3 generations of Unaspls eunoyml (Comstock) 
reared on Euonymus japonlca.
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SECTION II: A TAXONOMIC STUDY OF UNASPIS EUONYMI (COMSTOCK)
LITERATURE REVIEW 
UnaspIs euonymi (Comstock)* 1881
Chionaspls euonymi Comstock, 1881:313; Fernald, 1903:216; Sanders, 
1904:25; 1909:1; Felt, 1905:290; Herrick, 1911:23; Houser, 
1918:293; MacGillivray, 1921:325; Britton, 1923:363; Trimble, 
1925:28; Felt and Morrison, 1928:198; Korondos, 1934:73;
Hamilton, 1935:2; Lupo, 1938:272; Sleesman, 1945:44. Chionaspls 
evonymi Comstock, Targioni-Tozzetti, 1884:396. Chionaspls 
nemausensis Signoret, 1886:9. Unasp1b euonymi (Comstock),
Ferris, 1937:130; Rao, 1949:62; Warner, 1949:20; Borchsenius, 
1950:196; Cantelo, 1953:9; Merrill, 1953:83; Balachowsky, 
1954:294; Schread, 1954:4; Schuder, 1954:173; McKenzie, 1956:159; 
Neiswander, 1958:54; Apt, 1959:79; Schmutterer, 1959:223; 
Kosztarab, 1959:411; 1963:102; Porter et al., 1959:67; Dabbour, 
1967:20; Dekle, 1976:153; Howard, 1971:326; Williams et al., 
1977:15; Stimmel, 1979:1; Gill et al., 1982:1; Unaspis nakayamai 
Takahashi and Kanda, 1939:185.
Euonymus scale was 1 recorded in the United States by John
i
Henry Comstock in Norfolk, Virginia, on Euonymus latifolia, in 1881,
He provided the original description and illustration of the adult
female of Chionaspls euonymi Comstock.
Since Comstock's publication, numerous additional descriptions of
the species have appeared. Targioni-Tozzetti (1884) and Signoret
(1886) described the scale as (2. evonymi Comstock and C.. nemausensis
Signoret, respectively. Between 1881 and 1945, numerous reports
supported Comstock's classification of Chionaspls euonymi (Fernald,
1903; Sanders, 1904; 1909; Felt, 1905; Herrick, 1911; Houser, 1918;
MacGillivray, 1921; Britton, 1923; Trimble, 1925; Felt and Morrison,
1928; Korondos, 1934; Hamilton, 1935; Lupo, 1938; Sleesman, 1945).
Some of these only described the insect as it appears on the host
(Houser, 1918; Trimble, 1925; Felt and Morrison, 1928; Hamilton,
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1935), while taxonomic descriptions and Illustrations of the adult 
female pygidium were included in others (Sanders, 1904; 1909; Herrick, 
1911; MacGillivray, 1921; Britton, 1923; Korondos, 1934; Lupo, 1938; 
Sleesman, 1945).
The genus Unaspis was erected by MacGillivray in 1921 as a 
monotypic genus including only IJ. acuminata (Green). Ferris (1937) 
stated that the genus Chionaspls should be restricted to a small group 
of armored scale species occurring in North America, Asia, and Europe, 
and that probably none of the many North American species ascribed to 
Chionaspis from Africa, Australia, and the Oriental region belong to 
the genus. Ferris (1937) further recognized the validity of the genus 
Unaspis, and reclassified Chionaspis euonymi Comstock as Unaspis 
euonymi (Comstock). Two years later, Takahashi and Kanda (1939) 
described the scale, and also placed it in the genus Unaspis.
However, they gave the scale the species name nakayamai. Rao (1949), 
in a revisionary study of Unaspis, recognised 13 species in the genus 
(Table 12) and found only U. euonymi and IJ. citri to occur in the 
United States. Numerous other authors supported Ferris' 
classification of euonymus scale (Warner, 1949; Borchsenius, 1950; 
Cantelo, 1953; Merrill, 1953; Balachowsky, 1954; Schread, 1954; 
Schuder, 1954; McKenzie, 1956; Nelswander, 1958; Apt, 1959; Kosztarab, 
1959; 1963; Schmutterer, 1959; Porter et al., 1959; Dabbour, 1967; 
Dekle, 1976; Howard, 1971; Williams et al., 1977; Stimmel, 1979; Gill 
et al., 1982). In 1948, Unaspis was accepted as the official generic 
name of euonymus scale by the American Association of Economic 
Entomologists (Cantelo, 1953). At present, Unaspis euonymi (Comstock)






U. atrlcolor Green 
*IJ. cltrl (Comstock)
*IJ. euonymi (Comstock)
IJ, f lava (Green)
IJ. kanol (Takahashi)
U. permutans (Green)
IJ. roussetti Balachowsky 
IJ. turpiniae Takahashi 
U. yanonensis (Kuwana)
* Indicates species occurring in the United States.
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Although many descriptions and illustrations of euonymus scale 
have appeared in the literature since Ferris' reclassification of the 
species they dealt primarily with the appearance of the armor or with 
rough taxonomic characters of the adult female only. Warner (1949), 
Merrill (1953), Schread (1954), McKenzie (1956), Neiswander (1958),
Apt (1959), Kosztarab (1959), Dekle (1976), Williams et al., (1977), 
and Stimmel (1979) described euonymus scale by the appearance of the 
scales' armor and not with taxonomic descriptions and illustrations. 
Rao (1949), Cantelo (1953), Schuder (1954), Schmutterer (1959), 
Kosztarab (1963), and Dabbour (1967) provided greater insight into the 
scales taxonomy by Including illustrations and brief descriptions of 
the adult female pygldium. Howard (1971) and Gill et al. (1982) 
provided drawings of the entire body of the adult female of U. 
euonymi, however they lack significant taxonomic details.
Howell and Tlppins (1975) supported the need for taxonomic 
studies of Immature stages to give a better understanding of species 
taxonomy.
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Few previous workers included a study of the immature stages of U. 
euonymi. Varner (1949) gave a brief description of each stage as it 
appears on the host. Gill et al. (1982) presented the most complete 
taxonomic study of the species; however, his descriptions and 
illustrations do not present all important taxonomic details.
MATERIALS AND METHODS
Mounting Technique 
Taxonomic determinations of Coccoidea requires examination of 
microscopic characters on the insect body. This requirement 
necessitates the processing of a specimen in order to remove its body 
contents, clear and stain its derm, and mount it on microscopic 
slides. Several different processing methods exist for the Coccoidea 
(McKenzie, 1956; Vilkey, 1962; Kosztarab, 1963; Williams and 
Kosztarab, 1972). The procedure used in mounting U. euonymi in this
study is slightly modified from the procedures suggested by McKenzie 
(1956) and Kosztarab (1963). The procedure is described below:
1. Freshly collected live specimens were placed in 75% ETOH for 
storage until mounted. The specimens to be mounted 
immediately were left in ETOH for a minimum of 2 hours before 
processing.
2. Specimens were transferred to a 25 ml Pyrex casserole dlBh 
half-filled with 10% KOH for 10 minutes or longer. The 
specimens to be immediately processed were heated in the KOH 
at 500 to 600° F (a soft boll), until body contents became 
soft (ca. 10 minutes). If immediate mounting was not 
necessary, body contents were allowed to soften by prolonged 
soaking in KOH (24 to 48 hours).
3. All body contents of specimens were expelled while in the 
KOH. A small incision was made at the anterior end of the 
exoskeleton with a sharp pointed insect pin. The body
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contents were expelled by slightly pressing the insect.
4. After cleaning, specimens were transferred to a distilled 
water bath for 5 minutes.
5. Specimens were then transferred to 95% ETOH for 5-10 minutes.
6. Specimens were then stained with acid fuchsin for 10 minutes 
to 2 hours. The time interval required for staining was 
dependent on the degree of sclerotization of the specimens. 
Specimens were checked periodically while in the stain to 
prevent overstaining.
7. Specimens were transferred to 100% ETOH for 5 minutes to 
remove any excess stain. (Any internal body contents that 
were not previously removed, could be identified after 
staining, and were teased out of the Insect at this time with 
the aid of fine pointed forceps.)
8. Specimens were transferred to clove oil for 5-10 minutes.
9. Specimens were mounted on microscopic slides ventral surface 
up in Canada balsam and covered with a 12-15 mm round cover 
slip. One to 4 specimens were mounted on each slide.
10. Slides were marked for temporary identification and placed in 
a slide heating oven at 40°C until dry (ca. 2 weeks).
11. When slides weTe removed from the oven, they were ready for 
microscopic study. Once the developmental stage of the scale 
was verified, permanent paper labels lettered in India ink 
were placed on either end of the slide. Labels contained the 
following pertinent collection data: name of insect; host 
plant; place of collection; date; collector's name; stage of 
insect; plus, the mounting media used so that slides would be 
referenced if they needed to be remounted at a later date.
The above process provided a satisfactory method for mounting all
8tstages of IJ. euonymi♦ The best mounts of 1 instar nymphs and 
adult males were obtained by allowing specimens to soak in KOH for 
24-48 hours before processing. If these specimens were heated in KOH 
to boiling, there was often severe damage to legs, antennae, 
mouthparts, and in the case of adult males, wings. Satisfactory 
mounts of other stages were obtained by either method of softening 
body tissues in KOH, and specimens were processed using either 
technique.
Descriptions, Measurements, and Illustrations 
Descriptions of each stage of IJ. euonymi were made with the aid
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of a Zeiss phase contrast microscope and ocular micrometer. The 
number of slides and specimens studied for descriptive purposes of 
each instar is listed under the "material studied" section of each 
description as in the following example: 7(19) specimens, with 7 
referring to the number of slides, and (19) referring to the number of 
specimens. All specimens mounted of each stage were examined in 
making the descriptions. Variation in the number of structures on 
each developmental stage was found, and is indicated by giving the 
range. These discrepancies may be due to either natural variation 
between individuals of the same instar, or by damage to the specimen 
during mounting which removed the character In question. The 
terminology used in the descriptive text of the immature stages and 
adult female is adapted from Kosztarab (1963), while terminology used 
in the descriptive text of the adult male is adapted from Ghauri 
(1962).
Measurements were made using an ocular micrometer and the Zeiss 
microscope. In the text, measurements are given as the average and 
are followed by the range in parenthesis. Ten representative 
specimens of each instar were used for measurements. All measurements 
are given in microns unless otherwise stated, and averages under 10 
microns are rounded off to the nearest 0.1 of a micron.
Illustrations of each instar were made with the aforementioned 
microscope and a earnera-lucIda attachment. Outlines of drawings were 
made at magnification ranging from 400X-1000X. Details and 
enlargements were drawn using the phase contrast objective of the 
microscope. Each illustration has a central figure representing the 
entire specimen with the left half depicting the dorsal surface, and
65
the right half depicting the ventral surface. In an effort to utilize 
space effectively* the illustrations are not made on the same scale 
and all enlargements are not in proportion to each other.
Occasionally, dermal structures within the outline of the drawing were 
somewhat enlarged to show approximate distribution. Therefore, 
relative size of structures within the drawing may show 
inconsistencies and the reader is urged to consult measurements 
within the text in such cases.
RESULTS AND DISCUSSION 
StDescription of 1 Stage Females and Males 
(sexes not distinguished)
(Fig. 8 A-G)
Body of slide mounted specimen elliptical, 242 (200-310) long, 
and 150 (112-185) wide. Derm membraneous except for light 
sclerotlzations on pygidium. Dorsal derm with "fingerprint" 
sculptured design (Fig. 8A). Pygidial margin (Fig. 8B) with 2 pairs 
of lobes. Median lobes (Fig. 8B, lj) reduced, represented by 
hyaline points, lobe 2 (1^) well developed, bilobed, and with 1-3 
teeth on mesal as well as lateral margins. Lobe 3 (1^) much 
reduced. Segment IX apparently indicated by a small submarginal seta 
on dorsum and venter.
Dorsal Surface.-Ducts.-No macroducts observed on dorsum.
Microducts (Fig. 8 D).- One on each abdominal segment, these 
ducts forming a longitudinal mesolateral row. Three small microducts 
on dorsum of each thoracic segment.
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Figure 8. First stage male and female (crawlers) Unaspis euonymi 
(Comstock). (A) sclerotization pattern of dorsal derm, (B) 
ventral view of pygidial margin, (lj) median lobe, ( ^ J  
2n ^ lobe, (gs) gland spine, (1^) 3r<* lobe, (C) "8-BhapedM 
duct, (D) microduct, (E) terminal antennal segment, (F) anterior 
spiracle with associated trilocular pore, (G) gland spine.
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"8-shaped" duct (Fig. 8 C).-Present submedially on head, duct 6.5 
(A.0-9.0) in length.
Setae.-One elongate hairlike seta near midline on anterior margin 
of head and similar seta submarginally just above eye. A  shorter seta 
located near each 8-shaped duct (Fig. 8 C). Five-six short setae in 
submedial row across thoracic segments. Row of mesolateral setae on 
abdominal segments I-VII. Two short setae at posterior apex of 
abdomen, the lateral seta longer than the medial one.
Eyes.-Present marginally, oval in shape, often difficult to 
discern.
Anal Opening.-Located near posterior tip of body, lightly 
sclerotized, often difficult to discern.
Ventral S u r f a c e Antennae.-Five segmented, 58.4 (53-67) long. 
Scape 10.7 (10-13) in length; 11.2 (10-14) wide. Segments II to V 8.8 
(6-10), 4.8 (2-9), 2.9 (1-5), 27 (22-35) long, respectively. Scape 
with 2 slender setae, segments II and IV each with 1 elongate seta. 
Segment III bare. Terminal segment (Fig. 8 E) not annulate, but 
somewhat reticulate, with 5 long fleshy setae, 2 invaginated setae, 
and an elongate, slender, apical seta, measuring 17.3 (12-21) in 
length.
Clypeolabral shield.-Length 45.2 (40-52); width 32,1 (28-40).
Labium.-One segmented, length 22.4 (16-30); width 22.7 (10-30).
No setae visible.
Legs.-Well developed; metathoracic legs slightly larger than pro- 
or mesothoracic legs. Coxa and trochanter with 1 elongate slender 
seta, and trochanter with 2 sensory pores. No setae visible on other
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segments. Tarsus with 2 slightly knobbed digitules near apex. Tarsal 


















Trochanter 10.2 (9-12) 8.4 (5-10) 10.5 (9-13)
Femur 20.0 (18-22) 20.3 (19-22) 21.5 (20-24)
Tibia 4.9 (4-7) 4.5 (2-8) 5.6 (4-9)
Tarsus 11.3 (8-15) 13.1 (11-16) 16.5 (12-20)
Claw 5.1 (2-7) 5.5 (4-7) 6.7 (5-9)
Entire Leg 67.2 (62-71) 68.4 (60-80) 75.6 (71-87)
Spiracles (Fig. 8 F).-Poorly defined, surrounded by cell-like 
reticulations on derm; anterior spiracle associated with 1 trilocular 
pore which is often difficult to discern, posterior spiracle without 
associated pores.
Gland Spines (Fig. 8 B (gs); 8 G).-Well developed on margin of 
abdominal segments VI-VII, and reduced to small protuberences on meso- 
and metathorax and abdominal segments II-V.
Ducts.-No macro- or microducts observed on venter.
Setae.-On head, a submedian row of 3 elongate, hairlike setae 
between clypeolabral shield and anterior margin of head and 1 slender 
marginal seta posterior of eye. Two sublateral setae near base of 
legs on meso- and metathorax. Meso- and metathorax, plus abdominal 
segments I-VII, each with 2 submarginal setae. Abdomen terminating in 
a short seta near midline, possibly representing segment IX. An 
elongate apical seta on segment VIII, measuring 62.1 (50-89) in 
length.
Material Studied.-On Euonymus japonica, East Baton Rouge Parish, 
LA., 23(56) specimen, August 13, 1982 and Sept. 9, 1982, coll. B. S. 
Brewer.
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Description of 2n<  ̂ Stage Females 
(Fig. 9 A-G)
Body elliptical (Fig. 9 A ) , length of slide mounted specimen 
547.9 (320-590), width 321,3 (200-350), derm membraneous except for 
light sclerotization on pygidium. Pygidial margin (Fig. 9 B) with 4 
pairs of lobes. Median lobes simple and notched on either side, lobes 
2 and 3 well developed, bilobed, each with teeth-like notches on each 
side. Lobe 4 greatly reduced. Segment IX apparently indicated by 
submarginal seta on dorsum and venter.
Dorsal surface.-Macroducts.-Typical "two-barred" duct present 
marginally on abdominal segments, with those on segments 1V-VII being 
much larger in size (Fig. 9 B, C ) .
Microducts (Fig. 9 D).-Number variable, usually 4-6 mesolaterally 
on abdominal segments II-V1. \
Setae.-Head with 4-5 setae as illustrated. Thoracic segments 
each with 2 hairlike setae, one located submarginally and the other 
sublaterally. Abdominal segments I-V11I each with 1 marginal seta; 
these setae short and spine-like on segments I-IV, and long and 
hairlike on segments V-VIII. Mesolateral row of hairlike setae on 
segments III-VI, submarginal seta on segment VII-VIII. One short seta 
near mldline, possibly on segment IX.
Eyes.-Lightly sclerotized, appear submarginally as a circular, 
flat area on mounted specimen.
Anal Opening.-Situated ca. 45.3 (40-50) from posterior margin and 
with opening 10.1- (10-11) in diameter.
Ventral Surface.-Antennae (Fig. 9 E).-0ne segmented tubercles
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Figure 9. Second stage female of Unaspls euonymi (Comstock). (A) 
outline of entire body, (B) outline of pygidial margin, (1^) 
median lobe, (gs) gland spine, (1^) 2n<̂  pair of lobes, (1^)
3r<* pair of lobes, (1^) A**1 pair of lobes, (C) "two-barred" 
macroduct, (D) dorsal microduct, (E) antenna, (F) spiracle with 




with 1 long fleshy seta and 0-3 shorter, hairlike setae. Length 6.7 
(2-10); width 5.7 (4-7).
Clypeolabral Shield.-Length 77.2 (70-82); width 47.9 (45-58).
Labium.-One segmented, length 26.3 (21-30); width 33.4 (30-40).
Spiracles (Fig. 9 F).-Situated mesolaterally; anterior spiracle 
with 4-6 trilocular pores near peritreme; posterior spiracle without 
associated pores.
Gland Tubercles (Fig. 9 H).-Usually 2-3 tubercles associated with 
each spiracle and an additional 1-3 tubercles on mesothorax.
Tubercles on abdominal segments usually absent, however an occasional 
one appears on segments l-III.
Gland Spines (Fig. 9 B (gs)).-Abdominal segments I-VIII each with 
1 gland spine.
Macroducts.-No macroducts visible on ventral surface.
Microducts (Fig. 9 G).-Two ducts on anterior portion of head near 
clypeolabral shield. Mesolateral band of 4-5 ducts on meso- 
meta-thorax. Submarginal band of 8-10 ducts on abdominal segments 
I-VI.
Setae.-Head with 4 marginal hairlike setae and 2 shorter setae on 
either side of antenna. Two rows, 1 submarginal and 1 sublateral, of 
spine-like setae on thoracic segments through abdominal segment VII. 
Occasionally an additional seta on segments I-VI.
Material studied.-On Euonymus japonica, East Baton Rouge Parish, 
LA., 24(38) specimen, April 25, 1982 and August 13, 1982, coll. B. S. 
Brewer.
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rdDescription of 3 Stage Females-Adults 
(Fig. 10 A-I)
Slide mounted specimen (Fig. 10 A) elongate, spindle-shaped, 980 
(700-1400) long, 490 (380-800) wide, prepygidial abdominal segments 
lobed laterally, derm membraneous throughout except for pygidium. 
Pygidium (Fig. 10 B) broadly triangular, sclerotized at apex, with 4 
pairs of lobes. Median lobes close together, but nonzygotic, 
elongate, notched on lateral margins, and tapered towards apex; 2n<* 
and 3rt* pair well developed, deeply bilobed, and notched on lateral 
margins; 4 1*1 pair reduced and lightly sclerotized.
Dorsal Surface.-Macroducts (Fig. 10 C, D).-Typical "two-barred" 
ducts numerous on dorsum. Ducts on thoracic segments located 
submarginally and variable in number; prothorax occasionally with 1-2, 
usually without; mesothorax with 4-9, occasionally without; and 
metathorax with 2-19. Ducts on abdominal segments numerous and 
scattered irregularly. Usually 6 large macroducts (Fig. 10 C) on 
pygldial margin as follows: 1 on segment Vll, 2 each on segments V and 
VI. Additional large macroducts, 1-3, occasionally present on segment 
IV. Slightly smaller "two-barred" ducts (Fig. 10 D) arranged as 
follows: 15-30 ducts scattered on pygidium; 10-18 in broad 
mesolateral/submarginal band plus 3-4 submedially on segment V; 5-14 
marginally plus 3-6 submedially on segment IV; 14-19 in wide 
submarginal band plus 4-6 sublaterally on segment III; 8-16 
submarginally plus 3-8 sublaterally on segment II; and 5-16 
submarginally on segment I.
Microducts.-Number variable, usually 1-3 submarginally on
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Figure 10. Adult female of Unaspi9 euonymi (Comstock). (A) outline 
of entire body, (B) outline of pygidial margin, (C) "two-barred" 
marginal macroducts, (D) smaller "two-barred" macroducts, (E) 
antenna, (F) spiracle with associated trilocular pores, (G) gland 




metathorax and 5-7 submedially on abdominal segments 1-1X1.
Setae.Five-seven short, spine-like setae scattered across prosoma 
as illustrated. A submarginal row of setae on thoracic and abdominal 
segments, these becoming longer posteriorly. A slender seta near 
midline, possibly on segment IX.
Eyes.-Eyes often difficult to discern, represented by weakly 
sclerotized spots.
Anal Opening.-Ca. 16.5 (11-19) wide, and situated ca. 7 times its 
width from apex of median lobes.
Ventral Surface.-Antennae (Fig. 10 E),-Short, tuberculate, with 1 
elongate fleshy seta, 2 slender hairlike setae; and 2 short, 
spine-like setae.
Clypeolabral Shield.-Length 129.4 (110-145); width 83.2 (70-93).
Labium.-One segmented, length 37.7 (30-42); width 46.3 (42-54).
Spiracles (Fig. 10 F).-Spiracles situated submedially, anterior 
spiracle with 6-18 trilocular.disc pores, posterior spiracle with 3-6 
trilocular disc pores.
Gland Spines (Fig. 10 G).-Gland spines on abdominal segments 
distributed as follows: 2 each on segments V-VIII; 2-5 on segment IV; 
5-8 on segment III; 5-9 on segment II; and 5-12 on segment I.
Gland Tubercles (Fig. 10 H).-Tubercles present on thoracic 
segments as follows: 0-3 just posterior to spiracle on prothorax; 1-7 
submarginally on mesothorax; 4-8 posterior to spiracle on metathorax.
Ducts (Fig. 10 I).-Microducts on anterior of head near 
clypeolabral shield numbering 3-5. Several ducts, 3-7 per segment, in 
submarginal band on thoracic segments. Abdominal segments I-VI each
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with 0-7 submarginal microducts.
Perivulvular Pores.-PoreB in 5 small groups, median group 
numbering 3-5 pores, anterior lateral groups numbering 5-9 pores, and 
posterior lateral groups numbering 2-5 pores. Total number of 
perivulvular pores numbering 10-19.
Setae.-On prosoma 2 slender setae near lateral margin of 
clypeolabral shield and 2-3 setae submarginally. Thoracic segments 
each with 1-2 setae submarginally and 1-2 setae sublaterally. 
Abdominal segments 1-VIII each with a marginal seta that becomes 
longer posteriorly. A submarginal row of setae formed by 1 seta per 
segment IV-VII. A sublateral row formed by 1 seta per segment I-VI, 
with an occasional extra seta on segments II-IV.
Vulva.-Usually conspicuous, situated ca. even or slightly 
anterior to anal opening.
Material Studied.-On Euonymus japonica. East Baton Rouge Parish, 
LA, 39(53) specimen, February 12, 1982, June 25, 1982, and August 13, 
1982, coll. B. S. Brewer.
Description of 2n<* Stage Males 
(Fig. 11 A-I)
Body of slide mounted specimen (Fig. 11 A) oval to broadly 
elliptical, 540.5 (360-755) long and 340 (261-525) wide. Pygidial 
margin (Fig. 11 B) presenting a ragged and somewhat variable 
appearance, most often with 3 pairs of developed lobes. Median lobes 
simple, with 1-4 notches on lateral margins; lobes 2 and 3 bilobed, 
with lobules bearing 1-5 notches on lateral margins.
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Figure 11. Second stage male of Unaspis euonymi (Comstock). (A) 
outline of entire body, (B) outline of pygidial margin, (C) 
"two-barred" macroduct, (D) marginal macroduct, (E) antenna, (F) 
spiracle and associated trilocular pore, (G) dorsal and ventral 
microduct, (H) gland tubercles, (1) gland spine.
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Dorsal Surface.-Macroducts.-Two types present (Fig. 11 C, D ) . 
Typical "two-barred" type (Fig. 11 C) distributed as follows: 
prothorax with 2-3 ducts submarginally; meso-metathorax with 3-7 ducts 
scattered over dorsum; and abdomen with ducts forming 4 longitudinal 
rows. A submedian row formed by single duct per segment I-V; 2 
mesolateral rows formed by 2 ducts per segment X-VI; and a 4 ^  row 
formed sublaterally by single duct per segment I-III, with an 
occasional submarginal duct on IV-VI merging into this row. Marginal 
macroducts (Fig. 11 D) not the typical "two-barred" type, variable in 
number, but usually 1 duct per abdominal segment II-VII.
Microducts (Fig. 11 G).-Microducts variable in number: head with
0-4, prothorax with 0-2, mesothorax with 0-2 and metathorax with 1-2. 
No microducts were observed on dorsum of abdomen.
Setae.-Submedian row of 3 spinelike setae and submarginal row of 
4 hairlike setae found on head. Thoracic and abdominal segments each 
with a hairlike marginal seta. One additional short seta present near 
midline at posterior apex, possibly representing segment IX.
Eyes.-Difficult to discern in mounted specimen.
Anal Opening.-Opening situated ca. 28.9 (22-38) from posterior 
margin and 10.4 (10-12) in diameter.
Ventral Surface.-Antennae (Fig. 11 E).-Small tubercles, with 2 
short spinelike setae, 2 longer hairlike setae, and 1 long fleshy 
seta. Ca. length 5.8 (4-8); width 7.7 (4-10).
Clypeolabral Shield.-Length 73.5 (65-85); width 50.8 (40-63).
Labium.-One segmented, length 28.4 (25-30); width 32.6 (30-36),
Spiracles (Fig. 11 F).-Located mesolaterally; anterior spiracle
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associated with 3-6 trilocular pores; posterior spiracle without 
associated pores.
Macroducts.-Ca. 5-7 macroducts located in a wide mesolateral band 
on meso- and metathorax, and ca. 5 ducts located on submargin of 
abdominal segments I-III,
Mlcroducts (Fig. 11 G).-One duct located between clypeolabral 
shield and anterior margin of head, plus 1-2 ducts present 
submarginally on head. Ducts variable in number on thorax, usually
4-6 scattered across surface. Abdomen with 2 longitudinal rows of 
ducts: a submedian row formed by single ducts on segments I-VI, with 
an occasional extra duct on segment III and V; and a submarginal row 
formed by single ducts on segments III-VII.
Gland Tubercles (Fig. 11 H ) .-Two-four tubercles located posterior 
to each spiracle, a submarginal cluster of 3-4 tubercles present on 
abdominal segment I, and 5-7 tubercles scattered across abdominal 
segments III-V.
Gland Spines (Fig. 11 I).-One gland spine present submarginally 
on each abdominal segment II-VIII.
Setae.-Usually 3 slender setae located in a submedian row between 
anterior margin of head and clypeolabral shield. A submarginal row of
5-6 setae present on head. A submarginal row of spinelike setae 
present on abdominal segments I-VIII, these setae becoming longer 
posteriorly. An additional seta present near midline, possibly on 
segment IX.
Material Studied,-On Euonymus japonica, East Baton Rouge Parish, 
LA, 20(30) specimen, August 13, 1982, coll. B. S. Brewer.
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rdDescription of 3 Stage Males-Prepupae 
(Fig. 12-left)
Body of slide mounted specimen (Fig. 12 A) oval to broadly 
elliptical in shape, 603 (550-775) in length, and 276 (250-290) in 
width. Derm membraneous throughout, except for light sclerotizations 
on protrusion of ventral surface at ninth abdominal segment (Fig. 12
B ) . Rudimentary antennae, legs, and wings present.
Dorsal Surface.-Ducts.-No macro- or microducts observed on 
dorsum.
Setae.-Head with 3 long hairlike setae near midline. Thorax with 
3 setae forming a mesolateral row as illustrated. Abdominal segments 
with 2 rows of setae arranged as follows: a marginal row formed by 1
seta per abdominal segment I-IX; a sublateral row formed by 1 seta per
abdominal segment I-IX.
Antennae (an).-Rudimentary in development, with segmentation 
difficult to discern;.length 153 (145-180).
Wing Buds (wb).-130 (100-174) in length.
Dorsal Eye Spot (des).-Weakly sclerotized and often difficult to 
discern in mounted specimen.
Ventral Surface.-Ducts.-No macro- or microducts observed on 
venter.
Spiracles.-Present on pro- and mesothorax. No associated pores 
observed.
Setae.-Head with 3 setae aligned to form submedian row. No setae 
observed on ventral surface of thorax. Submarginal setae on abdominal 
segments as follows: 2 setae per segment 1-VIII; 1 seta near apex on
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Figure 12. Third stage male, prepupa, and fourth stage male, pupa, of
rdUnaspis euonymi (Comstock). Left drawing of 3 stage male, 
prepupa. (A) outline of entire body, (an) antenna, (des) dorsal 
eye spot, (wb) wing bud, (ao) anal opening, (ves) ventral eye 
spot, (B) terminal abdominal segment. Right drawing of 4 ^  
stage male, pupa, (des) dorsal eye spot, (an) antenna, (wb) wing 
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segment IX.
Legs.-Rudimentary in development, with segmentation often 
difficult to discern.
Ventral Eye Spot (ves).-Weakly sclerotized, often not apparent.
Genitalia (Fig. 12 B).-Abdomen terminating in broadly rounded, 
sclerotized, plate-like structure. Anal opening (ao) located near 
apex of abdomen.
Material Studied.-On Euonymus japonica, 15(15) specimen, East 
Baton Rouge Parish, LA, September 14, 1982, coll. B. S. Brewer.
tilDescription of 4 Stage Males-Pupae 
(Fig. 12-right)
Body of slide mounted specimen elliptical to elongate, 784 
(700-785) long, 250 (240-265) wide. Body segmentation much more 
apparent than in prepupae. Derm mostly membraneous, with the 
developing wings and segmentation of antennae and legs visible through 
the derm. Sclerotization of developing male becomes apparent in older 
pupae.
Dorsal Surface.-Ducts.-No macro- or microducts observed on 
dorsum.
Setae.-Head with 3 setae forming a submedian row and 2 longer, 
hairlike setae located sublaterally. Metathorax with 2 setae, 1 
located sublaterally, the other submarginally. Abdominal setae 
arranged as follows: marginal row formed by hairlike setae on each 
abdominal segment I-VIII; submedian row formed by 1 seta per abdominal 
segment I-VII; and 1 submarginal seta on segment VIII.
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Antennae (an).-Segmentation visible through derm; 348 (290-380) 
in length. Setae present on antennae can be discerned on older pupae.
Wing Buds (wb).-265 (240-300) in length.
Dorsal Eye Spot (des).-Sclerotized and obvious in older pupae.
Ventral Surface.-Ducts.-No macro- or microducts observed on 
venter.
Spiracles.-Present on pro- and mesothorax. No associated pores 
observed.
Setae.-Head with 2 setae located near ventral eye spot as 
illustrated. Mesothorax with 1 seta located sublaterally, 
occasionally without seta. Abdominal setae arranged in 2 rows as 
follows: a sublateral row formed by 1 hairlike seta per segment 
1-V111; and a submarginal row formed by 1 spine-like seta per segment 
I-VII. Segment IX without setae, or occasionally with 1 submarginal 
seta.
Legs.-Segmentation obvious in older pupae.
Ventral Eye Spot (ves).-Sclerotized and obvious in older 
specimen.
Genitalea.-Abdomen terminating in developed penial sheath (ps), 
measuring 125 (110-140) in length. Anal opening located near base of 
penial sheath.
Material Studied.-On Euonymus japonica, East Baton Rouge Parish, 
LA, 15(15) specimen, September 14, 1982, coll. B. S. Brewer.
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Description of 5 ^  Stage Males-Adults 
(Fig. 13 A-F)
Body elongate, slender, with slide mounted specimen 707.1 
(568-850) in length; width of mesothorax 173 (140-190).
Head.-Suboval in dorsal view. Length from apex to pronotal ridge 
81.4 (70-90), width across genae 72.4 (59-82). Midcranial ridge (MCR) 
well defined dorsally and ventrally, extending dorsally to lateral 
arms and posteriorly to the ocular sclerite. Genae (G) not 
sclerotized, but lightly reticulated.
Setae.-Dorsally, 3 long seta present at apex between antennal 
bases, 2 setae on dorsomedial sclerite, and 2-3 setae on genae. 
Ventrally, 3 hairlike setae on ocular sclerite and 2 setae at base of 
midcranial ridge.
Eyes.-Two pairs of eyes, ca. equal in size. Corneae of dorsal 
eyes (DE) 21.8 (19-29) in diameter and ca. 1-2 times as much apart; 
those of ventral eye (VE) 20.7 (18-23) in diameter and 1-2 times as 
much apart; other ocelli absent. Pre-ocular ridge (PRR) extending 
dorsally over dorsal eye; ventrally absent. Post-ocular ridge (POR) 
developed dorsally, but not observed ventrally. Pre-oral ridge not 
developed; mouth opening without sclerotization and difficult to 
discern. Tentorial pits not visible.
Antennae (Fig. 13 A).-Filiform, 10-segmented; 380.4 (340-490) 
long, well over H as long as the total body length. Antennal segments
I-II ca. the same length, 19.7 (18-21) and 17.3 (11-20) respectively. 
Segments III-X longer, and similar in length: 50.5 (45-54), 48.1 
(40-59), 50.8 (45-60), 47.2 (40-50), 48.3 (39-52), 45 (40-50), 40.1
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Figure 13. Adult male of Unaspis euonyml (Comstock). (A) antenna,
(B) wing, (C) spiracle, (D) leg, (E) hairlike seta, (F) terminal 
abdominal segment, (BS) basisternum, (DE) dorsal eye, (EPM^) 
metepimeron, (EPSp proepisternum, (EPS2) mesepisternum,
(EPS^) metepisternura, (F) furca, (G) genae, (LP) 
lateropleurlte, (MCR) midcranial ridge, (MPR) mesopleural ridge, 
(MTR) metapleural ridge, (PA) postalare, (PN) postnotum, (POR) 
post-ocular ridge, (PR) pronotal ridge, (PRR) pre-ocular ridge, 
(PS) prescutum, (PSR) prosternum, (SCM) scutum, (SLM) scutellum, 
(TEG) tegula, (VE) ventral eye.
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(39-42) and 43.5 (36-50) respectively. Segment I with a short 
spine-llke seta, segment II with 3 hairlike setae. Segments III-IX 
each with 5-9 hairlike setae; segment X with 7-10 hairlike setae, 2 
shorter setae, and 1 apical sensory seta.
Thorax.-Entire thorax 289.7 (259-310) long. Prothorax: Pronotal 
ridge (PR) and lateral pronotal sclerites weakly defined and difficult 
to discern, but with 3 short, spine-like setae located laterally. 
Froepisternum (EPS), strongly sclerotized with 2 long setae located 
laterad. Prothoracic spiracle (Fig. 13 C) well developed with no 
associated pores. P r o s t e m u m  (PSR) with developed transverse ridge. 
Mesothorax: Prescutum (PS) divided by submedian ridge and externally 
forms an inconspicuous median suture. Prescutum roughly oval, with 
anterior margin curved and bound laterally by well defined sclerotized 
margins. Scutellum (SLM) sub-retangular, with a well developed, but 
small foramen. Postnotum (PN) developed, separated from scutellum by 
subtriangular longitudinally striated membraneous area. Postalare 
(PA) well developed. Mesepisternum (EPS^) not reticulate. 
Lateropleurite (LP) with defined reticulations. Basisternum (BS) well 
developed, 59.3 (52-61) long, 112.2 (109-119) wide, with median ridge 
weak and furca (F) arms extending ca. to the marginal ridge. 
Mesothoracic spiracle similar to those appearing on prothorax. Tegula 
(TEG) small and lightly sclerotized. Metathorax: Metapleural ridge 
(MTR) short and lightly sclerotized. Metepisternum (EPS^) small 
triangular and lightly sclerotized. Metepimeron (EPM^) reduced and 
nonreticulate.
Wings (Fig. 13 B ) .-Hyaline, 590.8 (452-680) long; 240.6 (150-280)
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broad at widest point; width:length ratio ca. 1:2.5. Alar setae not 
observed. Hamulahalteres well developed, 39.3 (35-49) long, 11.8 
(10-13) broad at widest point, with an apical seta 31.3 (27-39) long.
Legs (Fig. 13 D).-Long and slender, becoming slightly longer 
posteriorly; each leg with numerous hairlike setae on tibia and 
tarsus, 4 shorter setae on femur, 1 seta and 2 sensory pores on 
trochanter, and 2 hairlike setae on coxa. Tarsal and claw digltules 
capitate; claw without denticle. Prothoracic legs 257.9 (230-310) 
long; mesothoracic legs 278.9 (248-305) long; metathoracic legs 286.2 
(250-312) long.
Abdomen.-Ca. equal in length and width, measuring 169.4 (150-192) 
long and 164.3 (150-182) wide. Segments I-VII without sclerotization, 
but segment VIII with lightly sclerotized tergite. Genital segment 
bulbous and heavily sclerotized.
Setae.-Dorsally: 1 row of sublateral setae formed by a single 
hairlike seta per segment I-VII; 2 submarginal rows formed by 2 
hairlike setae per segment I-VIII; 1 submarginal seta on segment IX. 
Ventrally: 1 sublateral row formed by a single hairlike seta (Fig. 13 
E) per segment I-VII; 1 additional submarginal seta on segment on 
segment VIII; and 2 submarginal seta on segment IX.
Genitalea (Fig. 13 F).-Penial sheath 231.2 (210-250) long; ratio 
of basal width to total sheath length ca. 1:5; ratio of total body 
length to sheath length ca. 1:2.4. Sheath narrowing gradually, 
sharply pointed apically.
Material Studied."On Euonymus japonica, East Baton Rouge Parish, 
LA, 1.9(31) specimen, June 25, 1982, August 19, 1982, and September 9, 
1982, coll. B. S. Brewer.
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The 3 female and 5 male stages of U. euonymi (Comstock) may be
distinguished from each other by using the following key:
(1) Body outline oval; 5 segmented antennae present; legs and 
mouthparts well developed; long seta present on terminal 
abdominal segment; "8-shaped" duct present near anterior margin 
of head..................................... 1st instar male or female
Body outline oval, elliptical, or irregular; antennae not 5 
segmented; no "8-shaped" duct present near anterior margin of 
head; no long seta on terminal abdominal segment................. 2
(2) Body outline oval; antennae reduced to 1 segment; no legs
present; mouth parts well developed................................ 3
Body outline irregular; legs developed or at least rudimentary; 
wings or wing buds present; 10-segmented or rudimentary antennae 
present; mouthparts greatly reduced................................ 5
(3) Vulva and perlvuvular pores present; dorsal macroducts 
appear in 2 sizes; gland spines present in pairs on pygidlal 
margin..................................................... adult female
Vulva and perlvuvular pores absent; gland spines appear singly on 
pygidial margin........................................................A
(A) Many macroducts present on dorsum; marginal macroducts shaped
differently from those appearing scattered across dorsum; gland 
tubercles appear in clusters on abdominal segment 
1 ........................................................2nd instar male
Few macroducts present on dorsum; all marginal macroducts the
"two-barred" type; gland tubercles appear singly................
...................................................... 2nd instar female
(5) Well developed wing, legs, and 10 segmented antennae present;
penial sheath developed, >200p long; 2 pair of eyes present.....
 adult male
Rudimentary legs, wings, and antennae present; penial sheath 
rudimentary, <200y, or absent....................................... 6
(6) Terminal abdominal segment a broadly rounded, sclerotized, 
plate-like structure; rudimentary antennae and legs present, but
segmentation of these structures not d i s c e m a b l e ..................
............................................... 3rd instar male-prepupa
Terminal segment elongate, >100p long, and lightly sclerotized; 
rudimentary antennae and legs present, with segmentation of these 
structures evident.......................... Ath instar male-prepupa
SECTION III: CHEMICAL CONTROL OF UNASPIS EUONYMI (COMSTOCK)
LITERATURE REVIEW
Control of Unaspls euonyml with Insecticides has generally been
unsatisfactory. Previous workers have evaluated numerous types of
insecticides, but few toxicants have given effective control of this
insect. Researchers have found toxicants that effectively controlled 
s t1 instars for a short period, but other stages have proven to be 
more difficult to kill and therefore remain to rapidly reinfest host 
plants.
Several reasons have been cited for the difficulty in controlling 
euonymus scale. First, the scales often go unnoticed until 
populations have reached high levels and plant injury has occurred.
S t 5Secondly, excluding 1 Instars and adult males, all stages of U. 
euonyml are protected from foliar applications of insecticides by both a 
dorsal and ventral covering. As the insects develop toward maturity, 
these coverings become thicker and prevent penetration of toxicants. 
Thus, timing of application to eliminate early instars is usually 
necessary. Thirdly, females oviposit eggs for an extended period of 
time (30-60 days), thus an overlap of several developmental stages are 
present in an infestation at any given time. Since early instars are 
most susceptible to insecticides, repeated applications of insecticides 
are often necessary to control asynchronous populations. Finally, the 
scales develop on all stem and leaf surfaces which necessitates complete 
coverage of plants with sprays. Such coverage is difficult to achieve. 
Early investigators experimented with arsenical insecticides,
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nicotine products, carbolineum, soap solutions, and hydrocyanic acid gas 
to control the scales. The arsenical poison Paris green was found to be 
ineffective in controlling U. euonymi (Sanders, 1909). Mokrzecki (1913) 
found that crawlers could be controlled by smearing stems of host plants 
with carbolineum and spraying foliage with an emulsion of crude linseed 
oil. A soap solution plus 40% nicotine sulfate (Black-leaf 40) killed 
up to 85% of first instars but was not effective in controlling adults 
(Trimble, 1925; Warner, 1949; Cantelo, 1953). Sanders (1909) found that 
treatment of deciduous euonymus after leaf fall, with a solution of , 
whale-oil soap (1 lb soap/gal water) killed a large percentage of 
overwintering females without injury to plants. Chapman et al. (1931) 
found that 98% of the scales could be eliminated when host plants were 
treated with hydrocyanic acid gas generated from calcium cyanide.
Conflicting results have been reported on control of euonymus 
scale with DDT and related compounds. Kerr (1952) reported 99.6% 
scale mortality as a result of DDT treatments and Warner (1949) 
recorded similar results with Deenate (50% WP DDT). Cantelo (1953) 
found DDT, DFDT, DDD, and methoxychlor to be effective against 
crawlers only. DDT plus malathion was reported by Cory and Highland 
(1957) to have effectively controlled crawlers.
Researchers have reported varying degrees of control with 
petroleum oil products. Dormant oil sprays of 25% Sunco oil, 20-30% 
kerosene emulsion, and 3-4% mineral oil reduced infestations, but did 
not effectively control populations (Sanders, 1909; 1928; Metcalf, 1911; 
Chapman et al, 1931; Felt, 1933; Bongini, 1935; Pyenson, 1941; Schread, 
1970). Spring treatments with 1% summer oil or 2% Volck oil gave good
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control of feeding forms, but eggs were not killed and plants were 
rapidly relnfested (Warner, 1949; Cory and Highland, 1957; Dabbour, 
1967).
Treatments of oil combined with other toxicants provided better 
control than oil treatments alone. Application of 60% paraffin oil plus 
2% dinitro-ortho-cresylate resulted In high scale mortality (up to 
98.5%), but was reported to discolor structures adjacent to treated 
plants (Paillot, 1940; Pyenson, 1941; Warner, 1949; Cantelo, 1953;
Cory and Highland, 1957; Plrone, 1970). Other oil plus toxicant 
treatments that have given good control of crawlers, but were not 
effective against later instars include white oil plus ethion or 
malathion (Dennis, 1969), oil plus methidathion (Supracide®), or BHC 
(Isotox®) (Owens and Baker, 1982).
Repeated foliar spray applications with organophosphate 
Insecticides also have been effective in controlling early instars of 
euonymus scale, but were Ineffective in controlling later lnstars. Two 
to 3 applications of malathion, 7-14 days apart and timed for crawler 
emergence has been an effective treatment for early instars (Cory and 
Highland, 1957; Neiswander, 1958; Dabbour, 1967; Dennis, 1969; Williams 
et al., 1977; Stimmel, 1979). Schread (1954) recorded 95.3% mortality 
in adult females treated with a high rate of malathion (57% emulsion at 
1:100 dilution), but found that lower rates were ineffective. Other 
organophosphate compounds that control crawlers only include diazinon 
(Spectracide®), dimethoate (Cygon®), parathion, mevinphos, phorate 
(Thimet®), azinphosmethyl (Guthion®) ethion (Dennis, 1969); acephate 
(Orthene®) (Schread, 1981; Owens and Baker, 1982);
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oxydemeton-methyl (Metasystox-R®) (Crocker, 1979; Owens and Baker,
1982); methidathion (Supracide®), chlorpyrifos (Dursban®) (Owens and 
Baker, 1982); and naled, phosphamidon, crufornate (Ruelene®), crotoxyphos 
(Clodrin®), dichlorvos (DDVP) and trichlorfon (Dabbour, 1967).
Organophosphate Insecticides formulated as granules and applied 
as soil treatments have had limited success in controlling euonymus 
scale. Schread (1960) recorded 93.8% and 32.8% mortality of nymphs 
and adults respectively, after treating infested plants with disulfoton 
(Di-Syston®). He also reported that surviving scales relnfested plants 
rapidly. Dabbour (1967) recorded <40% mortality of U. euonyml 8 days 
after treatment with phorate.
Effectiveness of carbamate insecticides in controlling euonymus 
scale has been similar to that reported with organophosphates.
Repeated treatments with carbaryl (Sevin®) timed for crawler emergence 
were effective in controlling early lnstars, but did not control adults 
(Williams et al,, 1977; Stimmel, 1979). However, Schread (1970) 
reported 87-94% reduction in scale populations after treatment with 2 
lbs/100 gal of carbaryl. Reports on granular carbamate insecticides 
indicated varying degrees of scale control. Dabbour (1967) recorded 
100% scale mortality 8 days after treatment of infested plants with 
aldicarb (Temik®). Tippins (1981) found that scale populations were not 
reduced 2 months after treatment with carbofuran, but that many of the 
adult females had swollen to several times their normal size and 
abnormally protruded from their dorsal and ventral coverings.
A wide variety of insecticides have been screened for use in 
controlling euonymus scale. Some of these chemicals have been
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s tsuccessful In controlling 1 lnstars, but few have controlled late 
lnstars and adults. Homeowners and nurserymen need effective, safe, and 
economical insecticides for controlling U. euonyml populations.
MATERIALS AND METHODS
Three experiments were conducted from May through November 1982 to 
evaluate the efficacy of 12 insecticides (Table 13) for use in 
controlling injurious populations of IJ. euonyml on Euonymus japonica.
Experiment I ; Evaluation of systemic granular Insecticides.
Sixty pest free 15. japonica var aureomarginata ca. 50 cm in 
height, potted in 19X18 cm plastic containers, and maintained in the 
horticulture lath house on the Louisiana State University campus were 
used in this experiment. The plants were placed on a gravel surface 
under ca. 50% shade and fertilized twice weekly with 20-20-20 liquid 
fertilizer at a rate of 0.90 kg/378 L. Plants were infested with IL 
euonymi by attaching infested branches ca. 5 cm in length to test 
plants during periods of crawler activity from March through September 
1981. Crawlers established, developed, and multiplied on host plants 
for ca. a year before chemical treatments were applied.
In May 1982 after crawlers of overwintering females had settled 
and begun to feed, 52 test plants were numbered and arranged in a 
completely randomized design. Samples of apical leaves and apical 
stem sections were collected from each plant and taken to the 
laboratory for microscopic observation. Percentage mortality of 
scales on each plant prior to insecticide application was determined 
by microscopically examining 100 sessile scales on leaves plus 100 
sessile scales on stems. For each scale examined, the dorsal covering 
was removed to enhance the examination of the insect's body.
Mortality was determined by dehydration of the scale. Percentage
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mortality of scale on leaves (MLF) and stems (MST) was recorded and 
then percentage mortality for each plant (MPLT) was calculated using 
the following formula: MLF + MST/2 « MPLT.
Granular applications (Table 14) of aldicarb, carbofuran and
phorate were evenly spread on the surface of test plants' growing
media on May 24. The granules were weighed in the laboratory, placed
in plastic cups, and randomly assigned to plants. Each plant served
as a replication and each treatment was replicated 4 times. Where
treatments consisted of 2 applications, the 2n<* was made 14 days 
s tfollowing the 1 . After application, the media was carefully
watered to activate leaching of the toxicant toward the plant’s root 
system.
To evaluate the effectiveness of the granular treatments each 
test plant was sampled 1 week following granular application and every 
other week thereafter for 11 weeks. Samples consisted of apical 
leaves and apical stem sections. Percentage scale mortality for each 
plant was determined as previously described for pretreatment scale 
mortality counts.
Data collected in this experiment were transformed using an 
angular transformation prior to being analyzed statistically using 
analysis of variance and Duncan's Multiple Range Test.
Experiment II: Evaluation of foliar spray insecticides.
Test plants used in Experiment 11 were established in landscapes 
in Kenilworth subdivision (Fig.l) and at the School of Veterinary 
Medicine on the Louisiana State University campus. Forty heavily
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infested j i .  japonica var aureomarginata were selected for treatment in 
each area. Apical leaves and stem sections were collected from each 
plant and pretreatment scale mortality counts were made as described 
in Experiment I.
Each foliar spray insecticide treatment (Table 15) was randomly 
assigned to 4 plants in each area. Chemicals were measured in the 
laboratory, placed in 473 ml jars, and transported to the field for
mixing with water and application. Applications were made with 11,4 L
Solo® Knapsacksprayers 425. Each treatment was mixed in 7.6 L
quantities of water so that each of the 8 plants within a treatment
could be sprayed to drip point. Control plants were sprayed with
water. The initial application was made June 22 and a 2nc* followed
14 days later.
To evaluate the efficacy of foliar spray treatments, scales on 
each test plant were examined 1 week following the initial spray 
application and every other week thereafter for 11 weeks. Scales were 
examined on both apical leaves and stem sections. Percentage scale 
mortality for each plant was determined as previously described in 
Experiment I.
Data collected in Experiment II were transformed using an angular 
transformation prior to being analyzed statistically using analysis of 
variance and Duncan's Multiple Range Test.
Experiment III: Evaluation of carbaryl and permethrin.
Permethrin and carbaryl were evaluated at lower doses than in 
Experiment II (Table 16) for further evaluation of their efficacy for
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control of U. euonyml. Twenty-four _E. japonica var aureomarginata 
were used In Experiment III. These plants also were established in the
landscape at the School of Veterinary Medicine on the Louisiana State
University campus. Pretreatment scale mortality counts were made for 
each plant as described previously for Experiment I.
Plants were randomly assigned treatments and application of
toxicants was made following the same technique described in 
Experiment II. Each plant served as a replication and each treatment 
was replicated 4 times. The initial application was made September 7 
and a 2n<̂  application followed 14 days later.
Effectiveness of permethrin and carbaryl was evaluated by
sampling treated plants 1 week following application and every other 
week thereafter for 11 weeks. Percentage scale mortality for each 
plant was determined as previously described In Experiment I.
Data collected in Experiment III were transformed using an
angular transformation prior to being analyzed statistically using 
analysis of variance and Duncan's Multiple Range Test.
Table 13. Common name, trade name, chemical name, and manufacturer of 13 insecticides evaluated 
for control of Unaspis euonyml on Euonymus japonica.
Common Name Trade Name Chemical Name Manufacturer
acephate Orthene® 0,S-Dimethyl N-acetyl phosphoramidothioate Chevron 
Chemical Co.










carbaryl Sevin® (1-Naphthyl methylcarbamate) Union Carbide
petroleum oil Oil-I-Cide® 80% Petroleum Oil International 
Lubricant Co.









Bay FCR 1272 --- Mobay
Chemical Co,
fluvalinate Mavrik® N-(2-chloro-4-(t rifluorome thyl) pheny1- 








carbofuran Furadan® (2,3-dihydro-2,2-dimethylbenzofuran-7-yl 
methylcarbamate)
FMC





Table 14. Common name, formulation, number of applications and rate 
of application of 3 systemic granular insecticides 
evaluated for control of Unaspis euonymus on containerized 
Euonymus japonica.
Number of . < 
Applications—
R a t e ^
Treatment Formulation t/pot gm Al/pot













1 / s t—  Second application applied 14 days after the 1
2 /—  Rates are expressed as teaspoons/pot or grams of active 
ingredient/pot.
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Table 15. Common name, formulation, and rate of application of 9
foliar spray Insecticides evaluated for control of Unaspis 
euonyml on Euonymus .japonica.
Rate of Applications^
Insecticide Formulation amt/3.78L H„0 % Al
acephate 15.6% EC 22.5 ml ‘ 0.093
diazinon 48.0% EC 10.0 ml 0.127
oxydemeton-methyl 50.0% EC 20.0 ml 0.264
carbaryl 50.0% WP 12.76 gm 0.168
petroleum oil 80.0% 75.0 ml 2.000
permethrin 25.6% EC 20.0 ml 0.135
fenvalerate 15.0% EC 17.5 ml 0.069
Bay FCR 1272 18.5% EC 5.0 ml 0.024
fluvalinate 24.0% EC 20.0 ml 0.127
1/ St—  Second application made 14 days after the 1
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Table 16. Rates of permethrin and carbaryl evaluated for control of 
Unaspls euonyml on Euonymus japonlca.
Rate of Applications^
Insecticide Formulation amt/3.7 8L H„0 % Al
permethrin 25.6% EC 10.0 ml 0.068
5.0 ml 0.034
carbaryl 50.0% WP 9.57 gm 0.126
6.38 gm 0.084
1/ st—  Second application made 14 days after the 1
RESULTS AND DISCUSSION
Experiment I: Evaluation of systemic granular insecticides.
Scale mortality prior to treatment of host plants with granular 
systemic insecticides was not significantly different (P>0.05) among 
plants (Appendix Table 1). An analysis of variance of posttreatment 
counts (Appendix Table 2) showed significant differences (P<0.05) in 
scale mortality due to treatment* week of count, and to the 
interactions of plant part sampled (leaves or stems)*week and 
treatment*part*week. Although the interactions of plant part*week and 
plant part*treatment*week significantly affected mortality counts, 
when plant part sampled was analyzed as a main effect it was not a 
significant variable (P>0.05).
The interaction between plant part sampled and week of count is
shown in Table 17. Mortality counts did not significantly differ
til(P>0.05) between scales on leaves and stem sections until the 5 
week after application of insecticides. The highest mortality counts 
of scales on leaves were recorded on weeks 7 and 9 and then 
significantly declined by week 11 (P<0.05). Mortality of scales on 
stems increased gradually, with the highest percentage mortality 
recorded on week 11. The greatest difference between percentage 
mortality of scales on leaves and stems occurred in the 7 ^  week 
when there was ca. 21% greater mortality on leaves.
When plant part sampled was removed as a variable in the model
and an analysis of variance was run using calculated scale mortality
of the plant (MPLT) as the dependent variable, highly significant
(P<0.01) differences in scale mortality were found to be due to the
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Figure 14. Percentage mortality of Unaspis euonymi after treatment
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Figure 15. Percentage mortality of Unaspis euonymi after treatment


















C A R B O F U R A N
I ” 0.36 g m  Al/pot, I application 
□ *  0.36 g m  Al/pot, 2  applications
•  " 0.18 g m  Al/pot, I application 





3 5 9 II
T I M E  ( W E E K S )
112
113
Figure 16. Percentage mortality of Unaspis euonyml after treatment
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effects of treatment, week of count, and the Interaction of 
treatment*week (Appendix Table 3). The mean percentage mortality 
(variable MPLT) for each treatment at each week Is presented in Table 
18.
Two applications of aldicarb at 0.15 gm Al/pot reduced euonymus 
scale populations by 92% in 9 weeks (Fig.14) but were unable to hold 
the population at this low level. Mortality counts for this treatment 
had decreased to ca. 85% by week 11. Aldicarb applications at a lower 
rate (0.07 gm Al/pot) or 1 application at 0.15 gm Al/pot were not 
effective in controlling U. euonymi.
One or 2 applications of carbofuran at 0.36 gm Al/pot reduced 
scale populations by ca. 90% while 2 applications a 0.18 gm Al/pot 
reduced populations by ca. 80% (Fig.15). One application at 0.18 gm 
Al/pot was not effective in controlling the scales.
Two applications of phorate at 0.30 gm Al/pot reduced scale 
population by 94.8%, but 1 application at the same rate reduced the 
scale population by only 78.5% (Fig.16). Phorate at 0.15 gm Al/pot 
was not effective in controlling the insects.
The most effective systemic granular Insecticide treatments for 
controlling U. euonymi were 2 applications of phorate at 0.30 gm 
Al/pot, 1 or 2 applications of carbofuran at 0.36 gm Al/pot or 2 
applications at 0.18 gm Al/pot, and 2 applications of aldicarb at 0.15 
gm Al/pot (Table 19).
Experiment II: Evaluation of foliar spray insecticides.
Scale mortality counts prior to treatment of test plants with 
foliar spray insecticides were not significantly different (P>0.05) in
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either of the test locations (Appendix Tables 4 and 5). An analysis of 
variance for posttreatment data (Appendix Table 6) showed significant 
differences (P<0.01) in scale mortality due to treatment, week of 
count, and the interactions of treatment*week and plant part*week. In 
Kenilworth subdivision the Interaction of treatment*plant part*week 
was also significant. The effect of plant part was not a significant 
variable in either location.
Examination of the interaction of plant part and week (Table 20) 
showed the greatest variation in percentage scale mortality on leaves 
and stems in the 3 week. In both locations, mortality of scales 
on leaves was >10% the mortality of scales on stems.
When plant part was removed as a variable and data from the 2 
locations were combined, an analysis of variance (Appendix Table 7) 
showed significant differences (P<0.05) in scale mortality (MPLT, 
dependent variable) due to the effects of treatment, week, location 
and the interactions of treatment*week, treatment*location, and 
treatment*week*location. The interaction of week*location was not 
significant.
Percentage scale mortality for most treatments after 11 weeks 
were similar for both locations (Fig.17, 18, 19). However, effects of 
petroleum oil and fluvalinate (Fig.18) varied markedly in activity 
between the 2 areas. Scale mortality due to treatment with petroleum 
oil was significantly higher (P<0.05) on plants at the School of 
Veterinary Medicine. The opposite occurred with fluvalinate, where 
there was significantly higher scale mortality on plants in Kenilworth 
subdivision. Two explanations are possible for variation within these
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Figure 17. Percentage mortality of Unaspls euonymi after treatment 
of host plants with oxydemeton-methyl (Metasystox-R®), 
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Figure 18. Percentage mortality of Unaspis euonymi after treatment 
of host plants with carbaryl (Sevin®), petroleum oil 
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Figure 19 Percentage mortality of Unaspis euonymi after treatmentof host plants with BAY FCR 1272, fenvalerate
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treatments due to location. First, it rained at both locations within 
1 hour after application of the 1st and 2n(* applications of 
toxicants. Although all plants were classified as being in a 
"protected" location, the direction of the rain caused some plants to 
become wetter than others. Test plants treated with fluvalinate at 
the School of Veterinary Medicine were located in positions more 
exposed to rains than those in Kenilworth. In addition, foliar 
applications of fluvalinate were made in Kenilworth ca. 1 hour prior 
to applications at the School of Veterinary Medicine. Therefore, 
plants in Kenilworth were exposed to toxicants for a longer period 
prior to rain. Plants treated with petroleum oil in both areas were 
well protected from rains. Variation in scale mortality for this 
treatment is believed to be due to variation in initial scale 
populations on plants between the 2 locations. Oil treated plants in 
Kenilworth had much higher initial scale population than plants at the 
School of Veterinary Medicine. Plants In Kenilworth were encrusted 
with scales and it is believed that adequate coverage of the scales 
with oil was not achieved. Poor toxicant coverage and the initial 
high scale population are believed to be responsible for the 
significantly (P<0.05) lower scale mortality on oil treated plants in 
Kenilworth subdivision.
Variation within treatment due to location was not significant 
(P>0.05) with other insecticide treatments.
Oxydemeton-methyl (Metasystox-R®) at 0.264% Al proved to be the 
most effective of the organophosphate insecticides evaluated (Fig.
17). It reduced the scale population by 84% In 11 weeks. Diazinon
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reduced the popuation 76% in 9 weeks, but scale resurgence was 
apparent at the U t*1 week count. Acephate was not effective in 
reducing scale numbers.
Foliar application of carbaryl (Fig.18) at 0.168% Al reduced the 
scale population 87 to 96% in 7 and 11 weeks, respectively.
Resurgence of scales was not apparent in this treatment at the 11 
weeks count.
Variation in percentages scale mortality resulting from treatment 
with petroleum oil and the pyrethroid fluvalinate have already been 
discussed. Although scale mortality significantly (P<0.05) differs 
due to location with these 2 treatments, they did effectively reduce 
scale populations (Fig. 18). Treatment with fluvalinate reduced scale 
populations 86-93% in 11 weeks. Petroleum oil applications were most 
effective on plants at the School of Veterinary Medicine (84% 
reduction in 5 weeks), however a resurgence of the scales was evident 
at the 11 weeks count. Scale mortality on oil treated plants in 
Kenilworth was significantly lower (P<0.05) and was not adequate for 
preventing plant injury.
Foliar applications of the pyrethroids BAY FCR 1272, fenvalerate, 
and permethrin (Fig. 19) were also effective in reducing euonymus 
scale populations. Applications of 0.024% Al BAY FCR 1272 reduced 
scale populations by 83%, but after 9 weeks the scale populations 
began to resurge. Application of 0.069% Al fenvalerate and 0.135% Al 
permethrin were effective in reducing scale populations by 90 and 97%, 
respectively, in 11 weeks.
The most effective foliar spray insecticides (Table 21)
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evaluated for control of euonymus scale were permethrin (Ambush®), 
carbaryl (Sevin®) and fenvalerate (Pydrin®).
Experiment III; Evaluation of carbaryl and permethrin.
Scale mortality prior to treatment of plants with carbaryl or 
permethrin was not significantly different (P>0.05) between plants 
(Appendix Table 8). An analysis of posttreatment data (Appendix Table 
9) showed significant differences (P<0.01) in scale mortality due to 
treatment, week, and interaction of treatment*week. Plant part 
sampled plus the interaction of plant part*week and treatmentAplant 
part*week were insignificant variables (P>0.05).
Mean percentage mortality of scales on leaves (MLF), stems (MST), 
and the plant (MPLT) gradually increased over the 11 week test period 
and variation between mean mortality of scales on leaves and stems was 
never over 4.8% (Table 22).
Foliar spray applications of 0.068% Al and 0.034% Al permethrin 
reduced scale populations by 88.0 and 73.6% respectively during the 11 
week test period (Fig. 20). Scale populations were reduced by 65.8 
and 36.7% eleven weeks after applications of 0.126% Al and 0.084% Al 
carbaryl, respectively (Fig. 20).
Although carbaryl and permethrin applied at the aforementioned 
rates gave significant (P<0.05) reductions in euonymus scale 
populations (Table 23), they were not as effective in controlling IJ. 
euonymi as the rates used in Experiment 11.
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Figure 20. Percentage mortality of Unaspls euonymi after treatment
of host plants with permethrin (Ambush®) or carbaryl













Table 17. The interaction between part of host plant sampled and week 
of count when evaluating the efficacy of granular systemic 
Insecticides for control of euonymus scale.
Week
Mean X Mortaltiy on 
Leaves ^MLF)
Mean X Mortality 
on stems (MST)
Mean X Mortality 
(MPLT)-7
11 55.712 b 56.750 a 56.231 ab=-
9 63.154 a 55.058 a 59.231 a
7 64.423 a 43.942 b 54.183 b
5 35.019 c 35.077 c 35.048 c
3 18.865 d 19.923 d 14.923 d
1 11.038 d 18.808 d 14.394 d
—  MPLT calculated: MST + MLF/2 - MPLT 
2/—  Duncan's Multiple Range Test for variable percent. Means 
followed by the same letter are not significantly different 
(P>0.05).
Table 18. Mean percentage mortality of Unaspis euonymi on Euonymus j aponica for 11 weeks after




















Mean % Mortality 
 (Week)_______
3 5 7 9 11
10.63 31.50 51.88 17.87 14.63
11.13 39.00 27.25 27.37 27.63
10.00 27.00 29.87 37.63 31.38
13.13 32.75 85.50 92.00 85.75
13.75 26.12 27.00 68.50 64.75
27.13 61.75 89.38 83.63 90.00
13.88 43.75 78.50 82.38 80.00
19.25 41.63 86.88 91.63 91.75
16.13 18.75 53.25 49.50 36.13
13.00 31.88 47.00 78.50 75.63
13.88 34.50 37.75 42.25 36.38
21.25 59.25 86.88 94.75 94.88
4.00 7.75 3.25 2.37 2.12
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Table 19. Mean percentage mortality of Unaspis euonymi on Euonymus 







Mean % . . 
Mortality-
phorate 0.30 2 61.792 a
carbofuran 0.36 1 60.771 a
carbofuran 0.36 2 57.479 ab
carbofuran 0.18 2 53.250 b
aldicarb 0.15 2 52.792 b
phorate 0.30 1 42.708 c
carbofuran 0.18 1 35.208 d
phorate 0.15 1 31.938 d
phorate 0.15 2 31.688 d
aldicarb 0.07 2 25.521 e
aldicarb 0.15 1 24.208 e
aldicarb 0.07 1 23.792 e
control 5.604 f
—  ̂ Duncan's Multiple Range Test for variable percent. Means followed
by the same letter are not significantly different (P>0.05).
Table 20. Mean percentage mortality of Unaspis euonymi on leaves, stems, and entire plant of Euonymus 
japonica after application of foliar spray insecticides.
Mean % Mortality Leaves (MLF) Mean % Mortality Stems (MST) Mean Z Mortality Plant (MPLT) 
1/ 2/Week Ken. Subd.—  Vet. School—  Ken. Subd. Vet. School Ken. Subd. Vet. School
11 63.07 4/a— 61.40 ab 64.38 a 65.63 a 63.73 a 63.51 a
9 66.00 a 64.48 a 65.87 a 65.98 a 65.94 a 65.23 a
7 63.50 a 58.68 be 63.53 a 62.13 a 63.51 a 60.40 a
5 55.90 b 55.00 c 57.08 b 5-4.43 b 56.49 b 54.71 b
3 41.80 c 42.60 d 31.20 c 26.48 c 36.50 c 34.54 c
1 14.63 d 15.80 e 19.75 d 12.18 d 17.18 d 13.99 d
—  Kenilworth Subdivision
2/—  School of Veterinary Medicine, LSU
—  MPLT calculated: MLF + MST/2 = MPLT
—  Duncan's Multiple Range Test of variable percent. Means followed by the same letter are not 
significantly different (P>0.05).
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Table 21. Mean percentage mortality of Unaspis euonymi on Euonymus
japonica after application of 9 foliar spray Insecticides.
Treatment % Al Vet. School—  ̂ Ken. Subd.— ^
permethrin 0.135 72.917 & 75.667 a
carbaryl 0.168 69.771 a 73.938 ab
fenvalerate 0.069 61.771 b 66.833 c
petroleum oil 2.000 56.438 be 39.938 f
oxydemeton-methyl 0.264 52.917 c 61.354 d
BAY FCR 1272 0.024 52.167 c 50.104 e
fluvalinate 0.127 52.167 c 69.979 be
diazinon 0.127 49.875 c 53.542 e
acephate 0.093 14.146 d 11.792 g
control ““ 5.125 e 2.438 h
—  School of Veterinary Medicine, LSU
2 /—  Kenilworth Subdivision 
3/—  Duncan's Multiple Range Test for variable percent. Means followed 
by the same letter are not significantly different (P>0.05).
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Table 22. Mean percentage mortality of Unaspis euonymi 11 weeks
after treatment of host plant with carbaryl and permethrin.
Week
Means % Mortality 
on Leaves (MLF)
Means % Mortality 
on Stems (MST)
Means X Mortality 
on Plant (MPLT)
11 55.95 a 53.20 a 54.58 £
9 48.30 b 43.55 b 45.93 b
7 37.65 c 38.55 b 38.10 c
5 33.00 c 29.20 c 31.10 d
3 20.65 d 18.15 d 19.40 e
1 13.40 e 14.70 d 14.05 e
—  Scale mortality for plant (MPLT) calculated: MST + MLF/2 *= MPLT
2 /—  Duncan’s Multiple Range Test for variable percent. Means 
followed by the same letter are not significantly different 
(P>0.05).
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Table 23. Mean percentage mortality of Unaspis euonymi on Euonymus
japonica after treatment with permethrin and carbaryl.
Treatment % Al Mean % Mortality
permethrin 0.068 63.229
permethrin 0.034 39.313 b
carbaryl 0.126 33.125 c
carbaryl 0.084 25.104 d
control 8.521 e
—  Duncan's Multiple Range Test for variable percent. Means 
followed by the same letter are not significantly different 
(P>0.05).
SUMMARY AND CONCLUSIONS
Unaspis euonymi infested ca. 36% of Euonymus japonica surveyed in 
6 areas of Baton Rouge, Louisiana. Levels of scale infestation were 
found to be significantly (P<0.05) affected by cultivar/variety of 
host plant, location of plant in landscape, age of host plant, and 
area surveyed.
Two aphelinid parasites, Encarsia citrina (Craw.) and Aphytis
sp., were reared from U. euonymi. Parasites were rarely collected
before late June-early July and even then they did not appear in
sufficient numbers to effectively control scale populations.
Annually, there are 3 complete generations of IJ. euonymi in
Louisiana. Immatures of a partial 4 ^  generation were observed but
did not complete development because of unfavorable temperatures. The
rdfertilized adult female of the 3 generation was the only
overwintering stage.
Developmental time for each instar varied for each of the 3
generations. From egg ovlposition to eclosion required 11±2.4 days.
First lnstars developed in 9.7±2.1 days. Second instar females
ndmatured in 33.712.9 days, while 2 instar males matured in 13.712.7 
days. Adult females were 18.412.6 days old before ovlposition was 
observed, except overwintering females which required 147 days to 
ovlposition. The prepupal and pupal male stages were completed in 
19.813.4 days and the adult male lived 3018.4 hours.
Peak periods of crawler emergence occurred in April-early May, 
July, and September. Females laid eggs for 30-60 days which resulted 
in asynchronous populations. As a result several stages were on the
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host at a given time. First generation females deposited an average 
of 80 eggs. Second and 3rt* generation females averaged 45 and 24 
eggs, respectively.
Unaspis euonymi has 3 female and 5 male developmental stages.
g£Sex of 1 instars was not determined. Other stages were sexed 
using characteristics of the scale's dorsal covering and taxonomic 
characters on the insect's body. Females excreted brown, oyster 
shaped dorsal coverings. Immature males developed white, elongate, 
tricarinated coverings. Mounted specimens were identified by using 
the following taxonomic characters: presence of 8-shaped pores, 
presence or absence of clustered gland tubercles, shape and 
distribution of marginal microducts, presence of a vulva, and 
rudimentary or well developed legs, antennae, wings, and compound 
eyest A key to the 3 female and 5 male stages was developed.
Good chemical control of U. euonymi was difficult to achieve. 
Most effective chemical treatments used on containerized Euonymus sp. 
were 2 applications of phorate at 0.30 gm Al/pot applied 14 days 
apart, 1 or 2 applications of carbofuran at 0.36 gm Al/pot, and 2 
applications of aldicarb at 0.15 gm Al/pot. The full effect of these 
treatments was not apparent until 9 weeks following application. The 
most effective foliar treatments of plants in landscape situations 
were 2 applications of 0.135% Al permethrin or 0.168% Al carbaryl 
applied 14 days apart. Full effect of treatments was not apparent 
until 9 weeks following initial application. Lower concentrations of 
permethrin and carbaryl were not effective in controlling the scales.
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Table 1. Analysis of variance, Experiment I: percentage mortality
of UnaspiB euonymi on Euonymus japonica prior to






Scale mortality of stems (MST)
Treatment 12 107.5000 0.44 N.S.
Error 39 789.5000
Total 51 897.0000
Scale mortality on leaves (MLF)
Treatment 12 215.2692 1.66 N.S.
Error 39 421.2500
Total 51 636.5192
Scale mortality on plant (MPLT)
Treatment 12 106.8173 0.90 N.S.
Error 39 385.8125
Total 51 492.6298
—  Scale mortality for plant (MPLT) calculated: HST + MLF/2 * MPLT
-  N.S. P>0.05
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Table 2. Analysis of variance, Experiment 1: percentage mortality of
Unaspis euonymi on leaves and stems of Euonymus japonica






Treatment 12 173122.2275 31.65
Part 1 324.5192 0.71
Error A 12 5468.6057
Week 5 221770.9615 352.02
Treatment*Week 60 128093.0801 16.94;
Part*Week 5 17062.3269 27.08;
Treatment*Part*Week 60 12874.0480 1.70
Error 468 58968.0000
Total 623 617683.7692
-  ** P<0.01, * P<0.05, N.S. P>0.05
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Table 3. Analysis of variance, Experiment I: percentage mortality
of Unaspis euonymi on Euonymus japonica after treatment






Treatment 12 86561.1138 A*73*06**Week 5 110885.4807 224.63**




Table 4. Analysis of variance. Experiment II. percentage mortality 
of Unaspis euonymi on Euonymus japonica in Kenilworth 






Squares F-va l u e ^
Scale mortality on leaves (MLF)
Treatment 9 26.6000 1.05 N *S *
Error 30 84.5000
Total 39 111.1000
Scale mortality on stems (MST)
Treatment 9 8.5250 0.13 N- S *
Error 30 227.2500
Total 39 235.7750
Scale mortality on plant (MPLT)— ^
Treatment 9 11.2562 0.44 N,S<
Error 30 85.9375
Total 39 97.1937
—  Scale mortality for plant (MPLT) calculated: MLF + MST/2 ■ MPLT
—  N.S. P>0.05
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Table 5. Analysis of variance, Experiment II: percentage mortality 
of Unaspis euonymi on Euonymus japonlca at the School of 







Scale mortality of leaves (MLF)
Treatment 9 51.4935 0.38 N,S*
Error 30 442.2500
Total 39 493.7435
Scale mortality on stems (MST)
Treatment 9 55.3269 0.51 N,S‘
Error 30 348.4166
Total 39 403.7435
Scale mortality on plant (MPLT)
Treatment 9 18.8750 0.21 N,S*
Error 30 284.7910
Total 39 303.6666,
—  Scale mortality on plant calculated: MLF + MST/2 ■ MPLT 
N.S. P>0.05
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Table 6. Analysis of variance, Experiment II: percentage mortality
of Unaspis euonymi on leaves and Btems of Euonymus japonica







Treatment 9 282047.3250 49.16
Part 1 32.0333 0.05
Error A 9 5736.7583
Week 5 153927.5666 384.93
Treatmtne*Week 45 74674.9750 20.75
Part*Week 5 2802.2166 7.01
Treatment*Part*Week 45 5923.4916 1.65
Error B 360 28792.0000
Total 479 553936.3666
School of Veterinary Medicine;
Treatment 9 211060.8750 133.14
Part 1 414.4083 2.35
Error A 9 1585.2583
Week 5 165684.3916 230.09
Treatment*Week 45 83653.5250 12.91
Part*Week 5 5695.3916 7.91
Treatment*Part*Week 45 4521.9416 0.70








-  ** P<0.01, N.S. P>0.05
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Table 7. Analysis of variance, Experiment II: percentage mortality 
of Unaspis euonymi on Euonymus japonica in Kenilworth 
subdivision and at the School of Veterinary Medicine after 
applications of 9 foliar Bpray Insecticides.
Degrees of Sum of
F-valuer-^Source Freedom Squares
**Treatment 9 238054.6958 302.65 **
Week 5 159657.8312 365.36
Treatment*Week 45 72718.6166 18.49 *
Location 1 401.5020 4 -59 **Treatment*Location 9 8499.4041 10-81 N S 0.34Week*Location 5 148.1479
Treatment*Week*Location 45 6445.6333 1.64
Error 360 31462.7500
Total 479 517388.5812
1 / * **—  N.S. P>0.05, P<0.05, P<0.01
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Table 8. Analysis of variance, Experiment III: percentage mortality 
of Unaspis euonymi on Euonymus japonica prior to 






Scale Mortality on Leaves (MLF)
Treatment 4 55.2000 1.44 N,S*
Error 15 143.7500
Total 19 198.9500
Scale Mortality on Stems (MST)
Treatment 4 17.8000 0.50 N *S '
Error 15 132.7500
Total 19 150.5500
Scale Mortality on Plant (MPLT)— ^
Treatment 4 32.7000 1.42 N , S ’
Error 15 86.2500
Total 19 118.9500
—  Scale mortality for plant (MPLT) calculated: MLF + MST/2 ■ MPLT
—  N.S. P>0.05
153
Table 9. Analysis of variance, Experiment III: percentage mortality 
of Unaspis euonymi on Euonymus japonlca after treatment 






Treatment 4 77354.6833 136.76
Part 1 224.2666 1.58
Error A 4 565.4833
Week 5 48071.9333 78.74
Treatment*Week 20 25882.8166 10.60
Part*Week 5 308.8833 0.51
Treatment*Part*Week 20 1625.6166 0.67
Error B 180 21979.5000
Total 239 176013.1833
—  Duncan's Multiple Range Test for variable percent. Means followed 
by the same letter are not significantly different (P>0.05).
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